AMERICAN 


JOURNAL OF SCIENCE AND ARTS. 


[THIRD SERIES] 


Art. XXIX.—On the great Lava-flood of the Northwest ; and on 
the structure and Age of the Cascade Mountains ; by JOSEPH 
LEConreE, Professor of Geology, University of California. 


[Continued from page 180.] 


V. Some important points suggested by the previous discussion, 


A. Successive outflows of Cascade lava.—Mountain-making, 
whether by the up-swelling of sediments or the out-squeezing 
of liquid, is probably always a slow process. The latter mode, 
however, viz: the up-building by out-squeezed matters is prob- 
ably more paroxysmal than the former. The Cascade Range 
was probably built up paroxysmally by many successive out- 
flows, occupying a very long period of time. I believe it pos- 
sible to detect these successive outflows—to detect in its ex- 
ogenous structure the lines of mountain-growth. 

It is well known that columnar basalt, when in thick masses, 
is often divided into horizontal layers by planes which inter- 
rupt the continuity of the vertical columns. Magnificent ex- 
amples of this structure are found in the basalts of the Cascade 
Range. On the nearly perpendicular cliffs of Columbia 
River, ten or twelve horizontal layers may be distinctly counted 
(figs. 2 and 3), and doubtless many others exist, but their out- 
cropping edges are covered with the products of disintegration. 
On the perpendicular cliffs of the Des Chutes River (fig. 1), at 
least twenty layers can be clearly made ont, and about ten more 
with less certainty, on one section. Still higher up on the 
gentler slope are seen many others, though their out-cropping 
edges are mostly covered up by debris and soil. That these 
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layers are in some cases really separate flows is shown by the 
fact that they are separated by volcanic conglomerate or breccia 
or by partially cemented soil, and are often of different kinds 
of materials. In other cases it seems doubtful whether they 
indicate separate flows at all. If they do, the flows must have 
followed each other in quick succession, each before the previ- 
ous one had suffered surface disintegration; for the layers, 
though somewhat distinct, are in solid contact and connection 
with each other. In the Columbia River Cafion, as at Castle 
Rock and Cape Horn, and especially in gorges of the tributaries, 
I found masses of basalt, many hundred feet thick, affected with 
horizontal layers, but yet very solid throughout. 

Again, without doubt, certain lava ridges running from the 
Cascade crest, and terminating somewhat abruptly against the 
Des Chutes plains, are separate flows, distinct from each other 
and from the lava of the Des Chutes plains itself. These enor- 
mous ridges are probably flows from distinct fissures. The ridge 
terminating in Des Chutes Hills (fig. 1) is formed by one of 
these grand flows, itself composed of many subordinate flows 
from the same fissure. Mr. Condon thinks that Mutton Moun- 
tains on the south, and Klikitat Mountains on the north, and 
Simcoe Mountains still farther north, were formed by similar 
flows. The lava of these ridges is entirely different from and 
more trachytic than that of the plains. Whether the lava of 
the ridges is older or newer than that of the plains, I am un- 
certain, but they are more probably older. The lava layers of 
the DesChutes Hills seem to dip slightly toward the west, as 
indicated in fig. 1. It seems most probable that the ridges were 
first formed and disturbed, and then the lava of the plains was 
poured out and spread about their feet, and finally the river 
cut its channel 1000 feet deep along the sinuous line of contact 
between the two. 

B. Relative uge of different kinds of lava.—Without doubt a 
careful study of the 3500 feet of lava which forms the Cascade 
Mountains, and which is exhibited in section at the Columbia 
and DesChutes Rivers, by one thoroughly versed in the lithology 
of igneous rocks, would afford a splendid opportunity of testing 
the truth of Richthofen’s view, that there is an invariable order 
of succession in the appearance at the surface, by fissure-erup- 
tion, of the different kinds of lava, the order being, according 
to him, propylite, andesite, trachyte, rhyolite, basalt.* I confess, 
however, that my knowledge of the divisions and subdivisions 
of the species and varieties of volcanic rocks, according to 
Richthofen's somewhat complex classification, is not sufficient 
to make my rather hasty observations of much value. Such 


* Memoirs of Cal. Acad. of Science, vol. i, pt. 1. 
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observations as I made, however, I here present merely to 
draw attention to this important subject. 

As I have already said, the sub-lava conglomerate is com- 
posed wholly of porphyritic pebbles and boulders. I think. 
most geologists would call the material of these boulders and 
pebbles porphyry. I have never seen this rock im situ, but it 
doubtless exists im situ beneath the lava. Its position agrees 
well with the view of Richthofen as well as of most writers, as 
to the Mesozoic age of porphyry. 

Again, on the north side of the Columbia River gorge, the 
cliffs are in some places composed, in their lower parts, of a 
whitish or grayish érachyte, while their upper parts are composed 
of regular horizontal layers of columnar basa/t. King also ob- 
served the same relation in the trachyte and basalt which forms 
the cliff of the Snake River Cafion in Idaho; 300 feet of 
trachyte below and 400 feet of basalt above. These facts are 
also in accordance with Richthofen’s view. 

But, on the other hand, on the south side of the Columbia 
gorge, columnar basalt forms the whole cliff down to the un- 
derlying conglomerate. And at the Dalles I saw tracthyte or 
sunelestte tufa, probably from Mt. Hood, overlying the basalt. 


And Mr. Condon tells me that while the flows from Mt. Adams 
are all basalt, those from Mt. Hood, even the latest, are all 
trachytic. These last facts, however, viz: Mt. Hood trachytic 


tufa overlying columnar basalt, and the simultaneous ejection 
of basaltic and trachytic lavas by Mts. Adams and Hood, are 
by no means fatal to Richthofen’s views; since the regular suc- 
cession of different kinds of lava strictly apply only to fissure- 
eruptions, such as those which form the lava-dayers of Columbia 
and Des Chutes Rivers, and not to crater.eruptions, such as those 
which form the lava-streams from Mts: Hood and Adams, still 
less to crater and fissure-eruptions in relation to each other. 
There is evidently nothing to hinder the supposition that while 
Mt. Adams may have been, by secondary eruption, ejecting 
materials from a more superficial basaltic region of Cascade 
lavas, Mt. Hood has been simultaneously and similarly ejecting 
materials from a deeper trachytic region.* 

C. Drift covering in Oregon and Washington.—In nearly all 
portions of Oregon over which I traveled there is a well- 
marked superficial boulder drift. Its true nature as a general 
or northern drift is most conspicuously evident on the dry 
grassy rolling prairies of the eastern slope of the Cascades, and 
especially on the extensive level elevated ~~ lying be- 
tween the Cascade and the Blue Mountains. This whole region 

* In a recent paper read before the California Academy of Science (Proc., vol. 


v, p. 210), Dr. J. Blake shows that in the Puebla range, Nevada, trachyte over- 
lies basalt in regular layers, indicating true fissure-eruptions. 
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is covered universally, to a depth of five to thirty feet, with a 
very fine unsorted earth (a true rock-meal) mixed with lava 
pebbles ; the pebbles becoming larger and more numerous in the 
lower part. We may therefore roughly divide the whole 
thickness into two layers graduating into each other; a top 
layer of fine unsorted dirt, and a bottom layer of pebbles and 
boulders. Over the hilly region of the slopes, the drift cover- 
ing is thinner, and the two layers somewhat more distinct ; over 
the plains farther sast it is thicker, and the two layers graduate 
into each other. 

Over this whole region no angular erratics, no moraines nor 
loose moraine matter, were any where observed. If glacier ice 
existed, it must have been in the form of a universal ice-sheet 
mantling the whole surface, and therefore carrying no debris 
atop. Certainly the drift soil is such as would be produced by 
moving ice, for every particle of it seemed to have been sub- 
jected to the severest attrition, but I looked in vain for glaciated 
surfaces. Whether any such surfaces on the bed-rock would 
be exposed by fresh removal of the drift covering, I am unable 
to say; but certainly I observed none on rocks exposed by 
natural agencies. The contrast in this respect between this and 
the high Sierra region visited the previous summer is very 
striking. If an ice-sheet covered this region, we can only ac- 
count for the absence of glaciated surfaces by the rapidity with 
which lava undergoes surface disintegration. I know of no 
point more important than the careful examination of the sur- 
face of the bed-rock in this region. I suspect glaciation would 
be found. Higher up on the slopes of the Cascade Range, near 
Mts. Jefferson and the Three Sisters, Newberry observed very 
decided and unmistakable glaciation.* Even in this high 
region, however, glaciated surfaces have been rarely observed, 
either because not looked for sufficiently carefully, or else, as I 
think, because covered by more recent volcanic ejections. 

There is another peculiarity of the Cascade Mountains which 
I wish to notice. Any one who is familiar with the Sierras, 
and observed the sharp, jagged, teeth-like outline of its crest, 
when seen from a distance, cannot but be struck with the com- 
parative tameness and evenness of the outline of the Cascade 
crest. ‘This is natural enough when we consider the recency, 
and especially the mode, of its formation, viz., by overflow of 
liquid materials. But one would suppose that this evenness 
would have been destroyed by glacial sculpturing. On the 
contrary, there are in the outlines of the Cascades no marks of 
separate glaciers lingering until recent times, such as we find 
at every step in the high Sierras. If the forms of the Cascade 
Range have been determined by ice, it must have been by an 


* Pacific R. R. Report, vol. vi, Geol., p. 32. 
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ice-mantle, not by separate glaciers. Or else, if separate glaciers 
existed to any extent, these effects have been obliterated by 
still more recent volcanic ejections. 

In Washington, the universal drift covering is equally con- 
spicuous, but in addition, erratics often of granite and apparently 
from the granitic region of British Columbia are not uncom- 
mon. Other evidences of glacial action are seen, also, in the 
deep narrow fiord-like inlets of Puget Sound and along the 
coast farther north, and in the beautiful glaciation of Van- 
couver’s Island. This island has evidently been completely 
enveloped in ice and moulded beneath its surface. 

D. Oscillations during Post-Tertiary times on the Pacific Coast. 
—I think there are abundant and unmistakeable evidences of 
oscillations during the Post-Tertiary period on this coast, some- 
what similar to those characteristic of that period on the eastern 
coast. The subject has been yet, however, but imperfectly 
studied. I shall only speak of what I saw in Oregon and 
Washington. 

Puget Sound consists of a somewhat intricate system of 
narrow channels, which in most parts are very deep, even up to 
the very shore. In other words, it has all the characters of an 
intricate system of fiords. I think there is little doubt that 
these channels are a system of subaerially eroded valleys which 
have sunk beneath the sea-level. The erosion may have been 
produced either by rivers or by glaciers; the latter, however, 
is more probable, as glacial marks are abundant over the sur- 
face of Vancouver’s Island. The channels of Puget Sound 
therefore, I conceive, indicate a former condition more elevated 
than the present. Again, beyond the southern extremity of 
Puget Sound, there is an intricate system of glades or prairies 
overgrown with grass and ferns only, ramifying amongst the 
magnificent dense fir forests of this region. Between the dense 
forests of firs, 200 feet high, and the absolutely treeless prairies 
there is the sharpest line of definition. The prairies are slightly 
lower than the wooded portions, and their relations to the 
Sound suggest at once that they were at one time irregular 
southward extensions of the sound, perhaps alternately flooded 
and left bare by the tides, like the mud-flats about Olympia at 
the present southern extremity. These prairies, therefore, 
probably indicate a period of subsidence and subsequent re-ele- 
vution. Ina word, we have about Puget Sound evidences of a 
Glacial, a Champlain and a Terrace Epoch. 

In Oregon, the evidences of elevation are perhaps less certain. 
The generai drift covering may or may not, according to our 
theory of its formation, indicate elevation; but the glaciation 
observed by Newberry certainly indicates greater cold, and 
therefore probably greater elevation than now. But the evi- 
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dences of depression are of the clearest kind. In an admirable 
article published in the Overland Monthly (Nov., 1871), and 
entitled “‘ The Willamette Sound,” Mr. Condon traces an old sea- 
and sound-level, some 800 feet above the present sea-level, from 
the ocean, up the Columbia River, around the great valley of 
the Willamette and then up the Columbia again to the Dalles. 
Much of the evidence of this was shown me by Mr. Condon, 
on my recent visit to Oregon. Here there is undoubted evi- 
dence of depression and re-elevation. It is generally admitted 
also, that during the same period, all the flat-lands and valleys 
about the Bay of San Francisco, and the whole valley of the 
Sacramento and San Joaquin Rivers was covered with water— 
the latter forming an immense lake or sound. 


1. 


i 


mous cafion—nearly 100 miles long, from two to five miles 
wide and 3,000 to 4,000 feet deep at the Cascades, has evidently 
been formed wholly by erosion, since the period of the lava- 
flood, i. e., since the Tertiary period. At the beginning of the 
Post-Tertiary period there probably existed here only a low gap, 
she natural outlet of the immense basin on the eastern side of 
the range. If a glacial sheet existed in Eastern Oregon, its 
only outlet to the sea would have been over this gap. In that 
case, the principal part of the erosion was produced by ice dur- 
ing the Glacial epoch, and by floods produced by the melting 
of the receding ice sheet during the Champlain epoch. In 
any case there can be no doubt of the existence, during Post- 
Tertiary times, of great bodies of fresh water in Eastern Ore- 
gon, and probably of a very moist climate in that now arid 
region. The drainage of the waters of this immense basin was 
through the Columbia River gap. The erosion, whether by ice 
or water or both, during Post-Tertiary times, was certainly 
very great. I believe the distinction between the enormous 
Post-Tertiary erosion and the smaller recent erosion is still 
detectable. Fig. 7 is a diagrammic section across the cafion at 
the Cascades. Between the high basaltic cliffs aa, the dis- 
tance at the Cascades is at least five miles. This grand cajion, 
through 3,500 feet of lava down to the conglomerate, was, I 
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think, swept out during the Post-Tertiary either by water or by 
ice or by both. Since that time the greatly shrunken river has 
“eut its way into the conglomerate bd, about 120 feet, moving 
meanwhile more and more to the south, so as to form perpen- 
dicular conglomerate cliffs on that side only. If this lower, 
narrower conglomerate cafion belongs to the present epoch, then 
the recession of the perpendicular falls three miles Cocke from 
the river, as already described in the early portion of this paper, 
belongs also to the present epoch. 

F. Prairie mounds.—The irregularly ramifying grassy glades 
or prairies already described as existing at the southern ex- 
tremity of Puget Sound, are studded over as thickly as possi- 
ble with mounds about three to four feet high and thirty to 
forty feet in diameter at base. For this reason these glades are 
usually known as ‘‘ mound-pratries.” There are millions of 
these mounds, and they stand so thickly that they touch each 
other at their bases, leaving no level space between. Although 
accurate measurement would doubtless show some variety in 
shape, size and position, yet the general impression upon the 
observer is that of perfect regularitv. The mounds themselves 
consist wholly of a drift soil of earth, gravel and small pebbles: 
the intervals between are thickly strewn with larger pebbles 
and small boulders. The vegetation of the mounds is mostly 
ferns: the intervals are covered with fine grass only. 

There has been much speculation as to the origin of these 
remarkable mounds. Some have supposed that they are In- 
dian burial mounds, veritable cities of the dead. Others have 
thought that they are artificial mounds, upon which were built 
huts of Indian villages. Still others have thought that they 
were made by certain, perhaps unknown, species of fish, at a 
time when these prairies were still the bottoms of shallow 
inlets; that they were in fact large fish-nests) No one who 
has examined them can for a moment accept any of these 
views. They have been many of them opened, but nothing 
indicating artificial origin has ever been found.* Dr. Newberry 
has frankly acknowledged his inability to account for them. 

When I first examined these mounds in 1871, they were to 
me also perfectly inexplicable. But upon subsequent reflec- 
tion, and from what I heard of similar phenomena in portions of 
California, I long ago arrived at the conclusion that they are 

* There have been many rumors of the opening of those mounds and the finding 
in them of human relics, Only very recently these rumors have been revived and ex- 
tensively circulated in the daily prints. It was positively stated that the officers 
of the N. P. R. R. had opened several, and found undoubted evidences of huinan 
origin. I immediately wrote to the intelligent Superintendent, Mr. I. W. Sprague, 
asking for information. Only a few weeks ago I received answer from him, stat- 
ing that the road does not run through Mound Prairie, that they had never found 


any relics of any kind, and as far as he could learn, no relics had ever been found 
in the mounds of Mound Prairie. 
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the result of surface-erosion under peculiar conditions. On con- 
ferring with Mr. Condon during my last visit, I found that he 
too had come to this conclusion. In my journey with him to 
the John Day Valley, I saw evidence which was perfectly con- 
vincing. The whole rolling country between the Dalles and 
the upper bridge of Des Chutes River, a distance of about thirty 
miles, is literally covered with these mounds. From every 
eminence the whole face of the country, as far as the eye could 
reach, presented a singular appearance, as if thickly broken out 
with a papular eruption. But the true key to their mode of 
formation is given here, as it was not at Mound Prairie, by the 
great variety of forms, sizes and degrees of regularity which 
they assume. They varied in size from scarcely detectable 
pimples to mounds five feet high, and forty in diameter at base, 
and in form from circular through elliptic and long-elliptic to 
ordinary hill-side erosion-furrows and ridges. In regularity of 
size and position, there was equal diversity; in some places 
being as complete as at Mound Prairie, i. e., they were all ap- 
parently of the same size, and touched each other at base; in 
other places they were of different sizes, and often separated by 
wide pebble-covered spaces, as if they were but the remnants of a 
general erosion of the surface-soil. Thus, on the one hand, por- 
tions of many square miles in extent were covered with mounds 
as large and as regular as any part of Mound Prairie, and ev- 
dently produced by the same cause: on the other hand, other por- 
tions were marked only by long hill-side furrows and ridges, 
evidently produced by surface erosion; and between these ex- 
tremes every stage of gradation could be traced. 

No one, I think, can ride over those thirty miles and observe 
closely, without being convinced that these mounds are wholly 
the result of surface-erosion acting under peculiar conditions. 
These conditions are a treeless country and a drift-soi/, consisting 
of two layers, a finer and more movable one above aud a 
coarser and less movable one below.* Surface-erosion cuts 
through the finer superficial layer into the pebble-layer beneath, 
leaving, however, portions of the superficial layer as mounds. 
The size of the mounds depends upon the thickness of the super- 
ficial layer; the shape of the mounds depends much upon the 
slope of the surface. The process once started, small shrubs and 
weeds take possession of the mounds as the better soil, and hold 
them by their roots, and thus increase their size by preventing 
or retarding erosion in these spots. The treelessness of the 
country in eastern Oregon has been produced gradually, since 


* The necessary condition, I believe, is the greater movableness of the surface 
soil, as compared with the subsoil, whatever may be the cause of the greater 
movableness. In Oregon and Washington, the cause is a pebble-subsoil; in other 
places mentioned below, the cause may be different. 
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Post-Tertiary times, by the increasing dryness of the climate. 
We may imagine the mounds, therefore, as having been held by 
the struggling remnants of a departing vegetation. At Mound 
Prairie, however, the treelessness is probably produced by a 
contrary condition, viz: the extreme wetness of these lower level 
spois in winter. Here, therefore, the weeds and ferns hold and 
preserve the mounds, not only as the bedter soil, but also as the 
drier spots. 

When once attention is turned to the subject, the same 
phenomenon in a less degree is observed in nearly all the tree- 
less regions of California and Oregon, which have not yet been 
touched by the plough. On returning from Oregon, I observed 
it in the upper part of the Sacramento valley, where, however, 
the mounds are so small and inconspicuous as to escape obser- 
vation unless attention has been previously awakened—only a 
light dappling of the surface of the country. Similar mounds, 
more conspicuous than the last mentioned, but far less so than 
these of Oregon and Washington, under the name of “hog 
wallow ” are well known to exist over wide areas in middle and 
southern California. They dapple the whole surface of the 
eastern portion of the San Joaquin and Tulare Plains, and are 
found also in the country about Los Angeles. The smaller, some- 
times scarcely noticeable mounds of California, graduate com- 
pletely into the larger and more perfect ones of eastern Oregon, 
and these again into the still more perfect ones of Mound 
Prairie. If the mounds of Mound Prairie were an unique 
phenomenon, we might resort to exceptional modes of origin ; 
but a phenomenon so wide spread must be attributed to the 
action of a wide-spread agent. 

Oakland, Cal., Dec. 15th, 1873. 


Art. XXX.—On the Parallelism of Coal Seams; by J. S. 
NEWBERRY. 


In the first volume of the Final Report of the Geological 
Survey of Ohio, Professor E. B. Andrews advances a theory 
in regard to the successive deposition of coal strata which, if 
permitted to go unquestioned, might seem to commit the other 
members of the geological corps to its approval. whereas, as a 
matter of fact, Prof. Andrews stands quite alone in its support. 
Very briefly, his theory is this: Ist, That coal-seams have accu- 
mulated in marshes along the sea shore, and therefore at or 
near the water-level; 2d, That the subsidences by which sev- 
eral coal seams were ‘successively formed and buried were conti- 
nental and general ; and 3d, That the coal-beds—from their mode 
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of formation—must necessarily be parallel to each other, and 
hence a discrepancy in the distances from a given coal-seam, 
taken as a base, to two or more outcrops of what might be con- 
sidered the same seam, is a proof that the coal of these outcrops 
belongs to different seams. Prof. Andrews also says that he 
has never seen a coal seam dividing into two or more distinct 
seams, or two seams approaching each other. 

While not questioning the accuracy of Prof. Andrews’ report 
of his own observations, I am compelled to say that the fucts 
observed by myself are not only discordant with his, but are 
such as seem to me to be incompatible with his theory. In the 
northern half of the Ohio coal-field, numerous instances of the 
approach and divergence of plainly continuous coal-seams 
might be cited. For. example: On one tract of coal-land in 
Hubbard, Trumbull Co, the distance which separates the first 
from the second coal-seam varies from 44 to 100 feet ; Coal No. 
1 showing conspicuous waves or folds, while No. 2 is nearly 
horizontal (M. C. Read). At Fredericksburg, Wayne Co., 
the distance between the two limestone coals—Nos. 3 and 4— 
is only twenty feet, but on tracing these seams down the valley 
of the Killbuck, they are seen to gradually diverge, until at 
Millersburg they are eighty feet apart. At Fredericksburg 
again, the distance between Coals No. 4 and No. 6 is only about 
thirty feet; but in passing from this point eastward to Mineral 
Point, Tuscarawas Co., the interval increases to 104 feet, Coals 
No. 5 and 5a coming in between them. At Steubenville, the 
interval between Coals No. 6 and No. 8 varies from 502 to 564 
feet; while going westward this interval diminishes to less than 
400 feet along the western outcrop of the Pittsburg seam. On 
the banks of the Ohio, between Wheeling and Bellaire, the two 
coal seams next above the Pittsburg bed are seen. in a single 
exposure, to vary from 12 to 35 feet in the distance which sep- 
arates them. On the banks of the Ohio, west of Wheeling, 
Coals No. 8 and No. 9 are about 150 feet apart; three coal 
seams, 8a, 8b and 8c being interposed between them. Thirty- 
five miles west of this locality, the distance between Coal 8 and 
Coal 9 is only 50 feet, with no intermediate seams (Stevenson). 
At Morgantown, West Vi irginia, on the east side of the Monon- 
gahela, the interval between the Pittsburg coal and the next 
succeeding one above (Redstone) is over 50 feet, consisting of 
limestone, 14 feet ; shale, 3 to 10 feet; sandstone, 35 feet. On 
the west side of the river, three miles below, the distance 
between the Pittsburg and Redstone coals is less than 20 
feet; the limestone remaining constant, the sandstone having 
entirely disappeared (Stevenson). 

Any required number of cases like the preceding might be 
cited, but these, as it seems to me, will suffice to show that the 
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intervals between our coal-seams are not constant. I learn 
from Profs. Dawson, White, Cox and Worthen, our most 
experienced coal geologists, that similar examples to those I 
have cited are not uncommon in the coal fields which they have 
so carefully studied.* 

The fallacy of the theory of Prof. Andrews, as I think, 
consists in the supposition that the subsidence of our coal 
areas has been always continental or general, whereas, as it 
seems to me, the evidence is varied and abundant that this 
subsidence was often very local, and that in the long interval 
which elapsed between the formation of one coal-seam and 
the accumulation of carbonaceous matter above it, the strata 
were sometimes warped and folded in the most local and com- 
plicated way. It is also apparent that the deposition of the 
materials forming the strata of the Coal-measures was often 
quite irregular. This is conspicuously shown by the limited 
reach of the great sandstone wedges which sometimes locally sep- 
arate or replace the more constant elements, the limestones, 
shales and coal-seams. In some instances these beds of sand- 
stone occupy narrow troughs of erosion; sometimes they form 
broad, lenticular sheets. It seems to me that we have some 
evidence that the local accumulation of these beds of sand pro- 
duced local displacement of the mud on which they were 
deposited, just as they do at the mouth of the Mississippi, where 
the displacement results in the formation of “ mud-lumps.” 
But the theory of Prof. Andrews seems to me not simply 
untrue, but as calculated to do positive and practical harm, 
since teaching that a discrepancy of interval argues a want of 
identity in coal-seams, it tends to multiply their number and 
produce confusion in their classification. 


ArT. XXXI.—Noles on some of the Fossils figured in the recently- 
issued Fifth volume of the Illinois State Geological Report; by 
F. B. MEEK. 


[Continued from page 19%.] 


Actinocrinites, Cyathucr/nites, Codonites, ete.; Plate 1x.—Most 
of the figures on this plate were drawn to illustrate the re- 
marks on the structure and habits of the Paleozoic Crinoidea, 
commencing on page 323, and originally published by us, with- 
out figures, in the Proceedings of the Philadelphia Academy 
of Natural Sciences, some years back. As only a few refer- 
ences to these figures are given in that article as reprinted in 


* See also the report of Prof. Ramsay, in the Report of the Coal Commissioners 
(England), vol. i, pp. 121 and 145, 
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the text, I have thought it desirable to indicate here more fully 
the particular figures on this plate, to which the student should 
refer while reading certain paragraphs of the remarks mentioned. 

For instance, in connection with what is there said in regard 
to the structure of Cyathocrinites on pages 825 and 326, figures 
13 and 14 of plate 1x should be consulted. Figure 14 rep- 
resents the upper side of Cyathocrinites malvaceus, as seen with 
the ventral tube and some other parts removed. In this con- 
dition, there would, on a hasty examination, seem to be two 
principal openings above, directly into the visceral cavity. 
That is, the posterior one (an), at the lower part of the figure, 
for the connection of the ventral tube, and a large central one 
(h); the former corresponding to the position of the anal open- 
ing, and the latter to that of the mouth, in Comatula and other 
existing Crinoidea. Previous to the discov ery of these speci- 
mens, here for the first time illustrated, this was supposed to 
be the normal structure of Qyathocrinites, which has been de- 
scribed by the highest European authorities as having two 
openings through the vault. Our figure 13, however, of the 
same plate, representing the upper side of C. Jowensis, a closely 
allied species, clearly shows that, when the vault is uninjured, 
the central opening, as well as the ambulacral canals (ame of 
fig. 14), are covered over by small pieces, so that, during the 
life of the animal, the only communications to the central 
opening (seen at / in fig. 14) were through these covered am- 
bulacral canals (ame of fig. 18), and under the small central 
vault-pieces covering the central opening itself.* 

The discovery of this structure of the vault of Cyathocrinites 
is one of considerable interest, since it brings to light one of the 
most marked distinctions between this genus and Poteriocrinites 
(including as subgenera Scaphiocrinus, Zeacrinus, Homocrinus, 
&c., &c.), in which no such vault-structure exists, the whole 
ventral portion in these latter types being, on the contrary, 
enormously produced, in the form of a great cylindrical or 
ventricose upward extension, or so-called proboscis, composed 
of numerous small hexagonal pieces, with pores passing in 
through the sutures between them; the extension being often 
as wide as, or sometimes even wider than, the body below, and 
nearly or quite as long as the arms, as may be seen in Zeacri- 
nus acanthophorus, plate XXIV, fig. lla; as well as in several 
species figured in former volumes of the Illinois Reports. A1- 
though much has been written by authors respecting the distine- 
tions between Cyathocrinites and Poterrocrinites. and some have 
even questioned the propriety of viewing them as distinct 

* The form and size of these central vault-pieces may not be exactly as repre- 


sented in fig. 13, as the sutures there are very obscure in the specimen, and they 
are too strongly and decidedly defined in the engraving. 
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genera, this very strongly marked and striking difference 
between them seems to have been entirely overlooked as a 
distinguishing feature.* 

This peculiarity of the vault in Cyathocr/nites also (along with 
other differences) appears to distinguish this genus from those 
great ponderous species, often referred to Cyathocrinites, for 
which Mr. Wachsmuth has proposed the name Barycrinus (see 
fig. 2, pl. x11; figs. 1, 2 and 3, pl. x11; and fig. 8, pl. xx), be- 
cause we have the strongest possible negative evidence for 
believing that in the latter no solid calcareous vault-pieces of 
any kind ever existed. It likewise has an important bearing 
on the much mooted question, to be mentioned farther on, in 
regard to the position of the mouth, and the manner in which 
the food is conveyed to the same, in the Paleozoic crinoids. 

While reading the remarks on pages 327 to 329, on the inter- 
nal vonvoluted organ so often seen in the Actinocrinitide, the 
student should turn to figures 6, 7 and 12, of plate 1x, as well 
as to fig. 3 of plate vi1. Since these remarks were published, 
however, farther examinations of other specimens have led me 
to think it quite probable (contrary to the statement on page 
328, in regard to its structure in Batocrinus Verneuilianus) that 
this organ was, in al/ cases, composed of a delicate net-work of 
calcareous bars, as shown much magnified in fig. 6d of plate 
Ix; and that the apparently more dense structure illustrated 
by figs. 8b, 12c and 12d, of the same plate, was produced by 
the deposition of crystalline inorganic matter on the delicate 
bars of the net-work. 

Figures 7a, 6 and c of plate Ix were also drawn to illustrate 
the remarks commencing on page 329, on the existence of am- 
bulacral canals composed of minute calcareous pieces, and 
converging inward from the arm-openings to the top of the 
large internal convoluted organ, in the Actinocrinitide. Fig. 10 
of the same plate, it will also be seen, shows deep furrows in 
the under side of the vault of Actinocrinites ? ornatus, for the 
reception of these internal ambulacral canals, as mentioned on 
page 832; and fig. 9 illustrates casts of these furrows as ex- 
hibited in a cast of the interior of the vault of apparently the 
same species. Upon examining these figures, it will be observed 
that the deep furrows in the under side of the vault do not 
converge to the single opening (an) in the vault, but, as in 
the ambulacral furrows of Cyathocrinites (figs. 13 and 14), toa 

* I certainly must believe that Goldfuss was much nearer right in referring his 
Cyathocrinites geometricus to that genus, than those who have placed it in the 
genus Poteriocrinites ; though it does agree more nearly with the latter in the much 
less important character of its anal series of pieces. Its nearly flat vault, how- 
ever, scarcely, if at all, rising above the arm-bases, without any traces of the 
great ventral extension, composed of numerous small hexagonal pieces with pores 
between, as we see in Poteriocrinites, seems to me to separate it from the latter 
group entirely. 
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central point in advance of it; precisely as the ambulacra in 
Comatula converge to the mouth in front of the anal opening, 
excepting that in the latter neither the mouth nor the ambu- 
lacral canals are covered by solid calcareous vault-pieces. 

As widely different as the Blasto/dea would, at a first glance, 
seem to be from the typical crinoids, in the structure and arrange- 
ments of the parts mentioned above, an attentive comparison will 
show that, fundamentally, there is less difference between these 
types than might be supposed. For instance, if we examine a 
Pentremites or a Granatocrinus (see tig 40, pl. 1X), as the specimens 
are most generally found, we observe that they show two prin- 
cipal openings above ; that is, a central one, to which the am- 
bulacra converge, and another behind this, just as in the 
incomplete Cyathocrinites represented by figure 14 of same 
plate. Specimens in a better state of preservation, however, 
such as those represented by our figures 2a and 26, of Granato- 
crinus Norwood, and fig. 5 of Codonites stelliformis, show that, 
when the parts of the summit are intact, the central opening, 
and perhaps a part of each ambulacral furrow, are covered 
over by minute fixed pieces, as in the more complete Cyatho- 
crinites, fig. 18; the ambulacral canals in both cases passing 
under the vault-pieces, inward to the central opening. 

In the Blastoidea, there are, however, other small lateral 
openings in the summit, as seen at 7, 77, in figures 2a and 28, 
and ats, s,in figure 5 of plate 1x. These are the so-called 
ovarian apertures of many authors, and have been called hy- 
drospires by Mr. Billings, who, with several others, regards them 
and a curious series of internal parts with which they con- 
nect, as the water-breathing organs of the animal. Although 
some recent investigations of the anatomy of existing crinoids, 
by Metschenhoff,* would seem to cast doubts on the correct- 
ness of this conclusion, it is certainly more probable than that 
these were ovarian openings; which would apparently be 
against all analogy from what is known of the reproductive 
system of the existing crinoids, in which the ambulacral and 
reproductive organs are directly connected. 

Whatever office these openings may have performed in the 
animal economy of these types, however, we have some reasons 
for believing that, in the Actinocrinitide at least, there were 
analogous apertures, which were also called ovarian pores by 
Prof. McChesney, in describing certain species of this group. 
These are small pore-like openings, very regularly disposed 
with relation to the interradial and other spaces around at the 
connection of the body and vault; one being placed near one 
side of the base of certain arms, at regular intervals, all 
around. 

* Bull. Acad, St. Petersburg, XV. p. 508. 
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These little openings have often attracted my attention; and, 
although once inclined to attach more importance to them, at 
the time our remarks on the structure of the Paleozoic crinoids 
were written, I could not feel quite satisfied that they might 
not have been for the attachment of the inner pinnule of that 
side of each arm-base where they occur, and concluded to wait 
until their true nature could be more clearly determined, before 
calling attention tothem. Mr. Wachsmuth subsequently assured 
me, however, that, after examining a great number of specimens 
in every condition of preservation, he has never seen any evi- 
dence of the connection of pinnules with these openings ; and 
consequently he suggested that they may correspond to the so- 
called ovarian apertures of the Blastovdea ;* a conclusion that 
seems to derive support from the following additional fact. 
That is, that on tracing these openings through the wall of the 
body, they do not, so far as my observations have gone, appear 
to take the direction that would indicate any immediate con- 
nection with the ambulacra, but, on the contrary, turn more 
downward, increasing in size as they pass in, thus appearing as 
if they might have connected with some internal cavity, or 
system of cavities, between the outer wall and the visceral sack. 
In fact, we also observe, in some instances, evidences that some 
such cayities were partitioned off, as it were, by an incomplete 
inner caleareous wall, secreted (perhaps only in old individuals) 
by the perivisceral membrane, as represented by our figure 11 
of plate Ix. 

The unmistakable evidence presented by some of the speci- 
mens figured on plate 1x, that the ambulacral canals continued 
on converging inward under the vault, from the arm-openings 
toa central point at the top of a large convoluted organ be- 
lieved to be the digestive sack (as seen in fig. 7a), led us, as 
suggested on page 334 of the reproduced remarks, to think 
that the positions of the mouth and anus, with relation to the 
ambulacra and other parts, in these older types, were essen- 
tially the same as in the recent crinoids. That is, we believe 
that, in the Paleozoic types, as in the recent Comatula, the 
mouth was situated centrally at the radial point of the ambu- 
lacra, and that the microscopic organisms, on which these ani- 
mals doubtless subsisted, were converged by the action of cilia 
along the ambulacral canals, to an internal mouth or esophageal 
opening, situated under the center of the vault; while the 
single opening of the vault, always located at some point 
behind the center of radiation, whether simple or passing 


* I think Mr. Billings has alluded to these openings in Actinocrinites, in some 
of his papers (which I have not at hand for reference at this time), after receiving 
specimens from Mr. Wachsmuth, with the same suggestions from the latter gentle- 
man in regard to their nature. 
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through a more or less produced tube, we regard as the anal 
aperture, as in the existing crinoids; and not the mouth, or 
both mouth and anus, as believed by some.* The only differ- 
ence, therefore, as we understand the facts, is that, in the recent 
types, the ambulacral canals and mouth are directly exposed 
externally, the former merely passing to the latter across the 
upper surface of a membranaceous ventral integument ; while, 
in the ancient crinoids, the whole ventral surface (excepting the 
anal opening), as well as the ambulacral canals and mouth, 
was very generally, if not always, covered over by a vault of 
fixed, solid, calcareous pieces. 

That some of the most distinguished naturalists of Europe, 
including Professor W yville Thomson, of Belfast, the lamented 
Prof. Michae. Sars, of Christiania, and others, to whom we 
several years back sent photographs of plates 1x and XVI, sub- 
stantially concurred with us in the foregoing interpretation of 
the facts presented by the specimens illustrated on the same. 
we have been assured, both by private letters from these gentle- 
men, and in some instances by their publications.+ 

It is proper, however, to state here, that Mr. Billings, the 
very able paleontologist of the Canadian Geological Survey, 
who is one of the highest authorities on the Paleozoic crinoids, 
dissents from these views, and maintains, with much ability, that 
the single opening in the vault of these old types performed both 
oral and anal functions; or, in other words, that the mouth, 
unlike that of the existing crinoids, was, in the former, removed 
from the center of radiation, and consequently from all direct 
connection with the ambulacral system. 

Codonites stelliformes, figures 5 and 5a, 6.—In connection with 
the foot-note on page 464, in regard to the parts described by 

* That the single opening seen in the vault of these ancient crinoids could not 
have performed both oral and anal functions, at least in Platycrinites, seems almost 
demonstrated, by the fact that we often find (as mentioned on pages 334 to 339 
inclusive, and illustrated by figures 6a, b, c, of plate XVI) specimens with the shell 
a Platyceras growing firmly over this opening, under circumstances clearly show- 
ing that it grew there during the life of the crinoid. In these cases, we can readily 
understand how the excrementitious droppings of the crinoid may have passed 
out under the foot of the mollusk ; but it would be exceedingly difficult to explain 
how food could have passed in under such circumstances. 

+ In justice to Dr. L. Shultze, of Bonn, I avail myself of this opportunity to 
call attention to the fact, that he had, in his beautiful Monograph of the Echino- 
dermata of the Eifel limestone, published in 1866, expressed very similar views 
in regard to the internal position of the mouth, and the mode of alimentation, in 
the Paleozoic crinoids ; though the specimens at his command for study were far 
from being as clearly satisfactory on these points as those figured by us are believed 
to be. 

At the time we first published our remarks on this subject, in 1868, we had not 
seen his work, and had no knowledge of the fact that he had ever expressed simi- 
lar views, or we should certainly have mentioned it. I regret that I have not his 
Monograph at hand now, so that I could quote his words, or refer more precisely 
to the pages on which they occur. 
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Mr. Lyon as the true basa! pieces, in the Blastoidea, but which 
we have viewed as belonging more properly to the column, 
fig. 5a, referred to above, should be consulted. In this side- 
view of a young C. séelliformis, it will be seen that this part is 
composed of anchylosed upper disc-pieces of the column, 
divided longitudinally by three sutures, coincident with those 
between what we regard as the true basals above. The engrav- 
ing makes the divisions between the discs too distinct, but they 
are well enough defined in the specimen to show their true 
nature. 

Pholidocidaris irregularis M. and W. ; plate xv, figs. 9a, b and 
4c, d, e.*—This very extraordinary echinoid, as vet only known 
from flattened fragments, was at first supposed bv us to be 
related to Lepidocentrus of Miiller, to which we referred it pro- 
visionally, in the Proceedings of the Philadelphia Academy, in 
1869. At the same time, however, we remarked that a com- 
parison of the ambulacra might show our fossil to be entirely 
distinct, and suggested that in that case it might be called Phol:- 
docidaris. At that time we knew nothing of the ambulacra of 
Lepidocentrus, which was founded by Miiller on detached inter- 
ambulacral pieces, some of which resembled certain correspond- 
ing parts of our type. On seeing Dr. Shultze’s figure, however, 
of Miiller’s genus, published in his Monograph of the Eifel 
Echinodermata, we were at once satisfied that our echinoid 
belongs to an entirely distinct genus, the ambulacra of Lepido- 
centrus being (as shown in Dr. Shultze’s figure) each composed 
of only two ranges of widely different pieces, as in Palwechinus. 
Consequently, in republishing the description of our type, we 
have adopted the name Pholidocidaris for it. 

In this connection, it may be worthy of note, that it is evident 
from Dr. Shultze’s figures that Lepidocenirus Miiller, 1856, and 
Lepidechinus Hall, 1861, are in all respects congeneric ; and, as 
Miiller’s name has priority of date, it will have to be retained 
for the group; thus making Lepidechinus a synonym. Conse- 
quently, the names of the American species, Lepidechinus imbri- 
catus tlall and Lepidechinus rarispinus Hall, will have to be 
written Lepidocentrus imbricatus and Lepidocentrus rarispinus. 

Pentremites ( Troostocrinus ?) Woodmani M. and W. ; plate Xv1, 
figs. 4a, b, c, d.—In describing this fine species, we inadvertently 
omitted to mention that the central pit seen in the base was 
evidently left by the accideatal removal of the parts we have 
called the supplementary basal pieces, in other types of the 
Blustoidea. (See the foot-note on page 464, already cited in 
these notes, in connection with Codonites stelliformis, as illustrated 
by fig. 5g, pl. 1x ) 

* Figures 4c, d, e should have been 9c, d, e, in the explanations of the plate. 
Am. Jour. tte meee Vou. VII, No. 40.—APRIL, 1874. 
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It is highly probable that the group including this species 
should be separated as a distinct genus from the typical Pen- 
tremites, such as P. Godoni, P. pyriformis, &. Our deceased 
friend, the late Dr. B. F. Shumard, of St. Louis, proposed the 
name T’roostocrinus for a group to which he referred at least one 
species (Pentremites obliquus Roemer) evidently closely allied 
to our type. Roemer’s species was founded on a single radial 
(fork) piece, but its lower end shows an oblique flattening or 
excavation, similar to (though more shallow than) the deep 
concavities seen in the corresponding parts of our species. 

Whether such forms should be included in the same group 
with those very narrow, elongated, fusiform species, such as 
Pentremites Rheinwardtii of Roemer, with the base and lower 
parts of the body much attenuated and merely a little flattened 
on three sides, may admit of some doubts; though Dr. Shu- 
mard included the latter in his genus Jroostocrinus. Another 
reason why we hesitate in retaining his name for the group 
including our type, is, that he mentions Pentremites laternijormis 
of Owen and Shumard in such connection with his genus 
that, according to the rule followed by many eminent natural- 
ists, that species only could be regarded as the type of the 
same. Unfortunately, however, it is now rendered almost 
morally certain, by specimens in Prof. Worthen’s collection, 
that P. laterniformis was founded on the internal cast of a true 
typical Pentremites. Consequently, if we adopt that as the 
type of Zroostocrinus, we would have no other alternative than 
to regard that name as merely a synonym of Pentremites Say. 

Although far from being inclined to “strain a point,” in 
order to set aside a published name, and really desiring to 
retain that proposed by Dr. Shumard, for the group to which 
our species belongs, if it can be consistently done, we have 
proposed, in case serious objections should be raised against 
such an arrangement, to call our type 7riceliocrinus. 


(To be continued.) 


Art. XXXII.—Laboratory Notes; by M. Carrey Lea, 
Philadelphia. 


I. Solubility of certain Silver Salts in solutions containing Sodic 
Citrate. 

SoME statements on this subject appear in our text-books 
which must either be regarded as entirely erroneous, or else 
must be understood in a very much more limited sense than 
they are expressed. In Storer’s most useful Dictionary of Sol- 
ubilities I find it stated relative to argentic citrate, that “it is 
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not precipitated from solutions containing citrate of soda.” Of 
argentic tartrate and monochromate, the same statement is made 
in the same words. Of argentic tartrate it is said still more 
strongly: “It cannot be precipitated from solutions which con- 
tain citrate of soda.” These citations* are all on the authority 
of Mr. John Spiller. 

In the course of some investigations connected with salts of 
silver, I obtained results so contrary to these statements that I 
was led to examine specially the influence of sodic citrate on 
the precipitation of these silver salts, which resulted as follows: 

1. A strong solution of crystallized terbasic sodic citrate was 
made; a single drop of solution of argentic nitrate added to 
this caused a precipitate which disappeared on warming; the 
addition, however, of a very little more caused a permanent 
precipitate which did not redissolve by heat. When to the 
solution of sodic citrate was added citric acid, the silver reac- 
tion was the same. 

2. Argentic Oxalate.—W hen oxalic acid is dissolved in a solu- 
tion of sodic citrate, even a single drop of silver solution pro- 
duces a permanent precipitate which does not disappear on 
warming or even boiling. 

3. Argentic Tartrate-—A considerable quantity of silver solu- 
tion can be added to one of tartaric acid before a precipitate 
falls. It naturally follows therefore that when to a solution 
containing tartaric acid and sodic citrate we add a silver solu- 
tion, no precipitate is at first formed: when a sufficient quantity 
is added an abundant permanent precipitate is formed. 

4. Argentic Chromate.—When a little solution of neutral 
potassic chromate is added to one of sodic citrate, the first drop 
of silver solution produces a brown precipitate which is perma- 
nent, and does not disappear even by boiling. 

5. If to a solution of sodic citrate be added silver salt as 
long as the precipitate dissolves by warming, this solution 
shows the following reactions. Chromate: A portion of the 
solution added to one of neutral potassic chromate produces a 
precipitate which does not redissolve. Even a drop of the 
solution produces this effect, unless the quantity of the solu- 
tion to which it is added be very large. Oxalate: The solution 
dropped into aqueous oxalic acid gives a precipitate which at 
first redissolves, but as more is added it becomes permanent 
and does not redissolve even by boiling. TZartrate: Similar 
reactions. 

6. Finally, to a quarter of an ounce of strong solution of 
sodic citrate, as much silver was added as it would take up. 
Into this a fraction of a drop of solution of neutral potassic 


* They are not to be understood as being adopted by the author of the “ Div- 
tionary,” who has simply collected all published statements. 
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chromate was added. A red precipitate that did not redissolve 
was produced. 

7. To a similar strong solution of sodic citrate, citric acid 
was added, and the experiment repeated under these condi- 
tions. The first drop of chromic solution did not produce a 

recipitate ; a little more produced a precipitate not redissolving 
y heat. 

8. To a strong solution of sodic citrate with silver, as in (6), 
oxalic acid was added. The first drop troubled the liquid; a 
little more produced a heavy precipitate. 


In the first four of these trials, silver solution was added to 
one of sodic citrate, containing the oxalic, tartaric, &c., acids. 
In the three in paragraph (5), the solution of sodic citrate was 
charged with as much silver as it would take up, and this was 
added by degrees to the solution of chromate, oxalic acid, &c. ; 
in (6), (7) and (8), this was reversed and the precipitating solu- 
tion was added by degrees to a very large excess of the solution 
of silver in sodic citrate. Thus the trial was varied in every 
possible way and in every case precipitates were obtained, often 
with extremely small and always with small quantities of the 
precipitant. 

IL. Molecular conditions of certain Iodides. 


If mercuric iodide be dissolved in a quantity of boiling 
water and the solution be poured out, one-half into a cold por- 
celain basin and the other into a beaker of cold water, the 
iodide quickly separates in both cases, but in the former with 
a bright scarlet color, in the latter with a pale yellow, and only 
after some hours’ standing recovers its normal scarlet. 

When nickel iodide (obtained by dissolving nickel carbonate 
in aqueous hydriodic acid) is evaporated in a basin, and the 
sides of the basin above the liquid become hotter than 212°, 
the adhering nickel iodide turns black. Paper dipped in the 
solution and heated turns intensely black. Nickel chloride 
shows the same result, but at a hana temperature. Potassic 
bromide dissolved with the nickel chloride lowers the tempera- 
ture at which the blackness comes. 

This blackening is permanent and the paper itself is acted 
upon. The change takes place far below the temperature at 
which paper chars. 


III. Criticisms on some results of M. S. Bottone. 


In the December number of this Journal appears an abstract 
of some experiments of M. 8S. Bottone, directed to prove that 
the hardness of any element is as the specific gravity divided 
by the atomic weight. The hardness of each element, calcu- 


| 
| 


A. W. Chase—Gravel Deposit of Gold Bluffs. 379 


lated according to this postulate, is placed in a column paral- 
lel with the hardnesses as deduced from the time required by a 
steel plunger, revolving at a uniform velocity, to penetrate to a 
given depth in the substance under examination. 

The results obtained in this way by Mr. Bottone, though 
agreeing quite well with the calculated figures, seem to be at 
variance with facts, as appears by a simple comparison of one 
with another. Thus gold, a very soft metal, is made more than 
two-thirds as hard as iron, ‘0979 to ‘1875. Zine approaches 
still nearer to iron ‘1077 to ‘1375. Lead is made to be but 
little harder than sodium, ‘0570 to ‘0400. Sodium is made 
nearly one-third as hard as iron, ‘0400 to -1375. 

It is still worse when we come to the diamond. Bottone 
finds the diamond to be but little more than twice as hard as 
iron, less than six times as hard as lead, less than eight times 
as hard as sodium, a metal as soft as wax. It does not seem 
possible to accept the statement that a revolving steel plunger 
will penetrate a quarter of an inch into a diamond, in less time 
than, all other things being equal, it will penetrate an inch and 
a half into lead. 


Art. XXXIIL.—The Auriferous Gravel Deposit of Gold Bluffs ; 
by A. W. CuHasz, Assistant U. S. Coast Survey. 


(Read before the California Academy of Sciences, Jan. 5th, 1874.) 


I PROPOSE to ask your attention, for a few moments, to a brief 
description of the somewhat celebrated deposit of auriferous 
gravel on the coast line of Klamath County, California, called 
the Gold Bluffs, and the method of gathering the beach sands 
and extracting the gold therefrom, now practised at the two 
mining claims which are worked there. 

Coming from the north, after leaving the Klamath River, the 
coast line is extremely broken and rocky, the rock being prin- 
cipally metamorphic sandstone, with an occasional cliff of chert 
or jasper in regular layers or strata. Ata point about four 
miles south of the river, banks and deposits of gravel appear, 
although the commencement of the bluffs proper is at the 
mouth of a creek called the Ossegan and seven miles from the 
Klamath. Then, for nine miles, there is an almost unbroken 
line of cliffs, varying from 100 to 500 feet in height. Many of 
the bluffs are absolutely vertical and in some instances over- 
hanging. At low water there is a narrow beach, but when the 
tide is full the sea washes directly against the base of the clifis: 
the beach is then impassable. 
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The mountains back from the coast, of which the bluffs form 
the sea-escarpment, are all one immense mass of gravel, of vary- 
ing size and distinctly marked layers or stratifications. This 
gravel can be traced across the country, northeastwardly, to a 
point on the Klamath River about thirty miles distant, where 
the same form of deposit makes its first appearance as you 
ascend the river. 

As the bluffs are similar or nearly so in stratification, I have 
sketched a section of one, from under which the specimens of 
black sand or magnetic iron ore, which on examination you 
will find rich in fine gold, were taken. (Specimens presented 
with this paper.) The height of this cliff from low-water mark 
is about 227 feet, and the sketch represents a vertical section 
The thickness of the different strata, I would remark, are by 
estimation, as I had no available means of determining them 
with exactitude. 

Commencing from the t»p, we have first a section of ten feet 
of loam; then twenty feet of yellow clay; then forty feet of 
coarse yellow gravel; then a stratum of sandstone of brownish 
color, ten feet; next forty feet of red and yellow gravel; then 
five feet of a blue-colored sandstone. Projecting from this layer 
are numerous stumps and other portions of trees, partially trans- 
formed into lignite. A specimen of this lignite is presented 
with this paper. Then we have fifty-five feet of a very coarse red 
and vellow gravel, and immediately beneath it five feet of very 
fine blue-colored gravel; then fifteen feet of indurated sand ; 
then ten feet of gravel, stained deep red, probably from the 
presence of oxide of iron. Beneath this is another stratum of 
sandstone, five feet, blue in color, with pieces of the lignite 
before referred to projecting from it; then five feet more of 
blue sandstone without any lignite; then seven feet of gravelly 
beach to low water mark. 

This cliff which I have described is at the I~ ur end of the 
bluffs, and near the mining works. The strata all dip to the 
north at an angle of about 15°; while those on the north end, 
although much broken, seem to dip toward the south. 

A specimen of the stratum No. 10 from the top is presented. 
You will see by examination that the presence of mica and 
fine gold can be detected with the microscope. The specimen 
obtained was a concretion cemented together on a large boul- 
der by the oxide of iron. It is my belief that from this stratum 
the largest amount of fine gold is obtained. 

Before attempting to form any theory as to the origin of this 
vast deposit of auriferous gravel, I will give a brief description 
of the history of the gold’ working of the beach, and the pres- 
ent mode of operation. In 1850, when this portion of the coast 
line was still in undisturbed possession of the Indian tribes, 

.a party of adventurers travelled from Trinidad up, seeking 
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for the mouth of the Trinity River, which, instead of being in 
reality an affluent of the Klamath, was supposed to have a sep- 
arate mouth. One of the party was J. Johnson, now a resident 
of Crescent City. At a favorable spot on the beach they saw 
glittering particles in the sand, and on examination found them 
to be gold. Gathering some of this gold, they went back, 
greatly excited, to Trinidad, to procure provision. 

On their return, however, they found nothing but a bed of 
gravel, a change in the direction of the surf having carried 
away or covered up the glittering treasure. It may be re- 
marked here that when the direction of the wind is such that 
the surf breaks square on the beach, it rolls up masses of coarse 
gravel, and no black sand is visible; but that, when it cuts the 
beach at an angle, the gravel is washed into heaps in certain 
spots, . in others black sand is deposited, more or less rich 
in gold. 

After this discovery ensued the so-called “ Gold Bluff excite- 
ment.” The first mining claim was taken up the same year b 
Bertrand and Nordhamer. The beach sands were worked wit 
sluices, the gold being caught in riffles sawed in a_ plank, 
loaded with quicksilver. From that time to the present these 
beaches have been steadily worked; the highest amount taken 
out in any one year, up to the present, being said to be $25,000, 
for the lower claim. The proprietors have, however, labored 
under the disadvantage of a scanty supply of water, not being 
able to keep their sluices running more than one-third of the 
time. I will now give a description of the present method of 
working, as witnessed by myself. 

I rode up the beach with the superintendent of the lower 
claim, just as the tide was turning to go out. His practised 
eye noted every indication of the presence of black sand. 
Alighting at a spot at the base of the cliff, a section of which 
I have just shown you, he scraped away the loose gravel and 
taking up a shovel-full of the sand lying beneath, panned it 
out in a little pool of water left by the receding tide. A rim 
or circle of fine gold around the spot of sand indicated the 
richness of the layer. A messenger dispatched to the works 
soon brought down the mule train. There are some forty ani- 
mals employed, although in the present instance but sixteen of 
them were used. Each mule carried a couple of sacks of 
coarse canvas attached to the pack saddle. Each sack will con- 
tain about 150 Ibs. of sand and gravel; the mule packing there- 
fore 300 lbs. ; and the train of sixteen, 4800 lbs., or nearly two 
tons and one-half at a trip. 

The top gravel being stripped off, the underlying sand was 
gathered into little piles. While the men were thus engaged 
the superintendent invited my attention to the appearance of 
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the bed-rock or hard strata underneath the sand after it was 
stripped. It glittered with fine particles of gold, and I could 
then well believe the stories of the first discoverers. 

So exceedingly fine, however, is the character of this gold, 
that it requires a much larger quantity of these particles to 
reach the value of a cent than one not familiar with the sub- 
ject would suppose. Specimens of the sand as taken from the 
beach are presented with this paper. On microscopic examina- 
tion, besides the gold and magnetic iron ore, the sand will be 
seen to contain minute and brilliant red particles, which I be- 
lieve to be spinel in some of its forms. Other translucent 
particles will be seen. 

Prof. Silliman, in notes on the Mineralogy of California, 
Utah and Nevada, mentions a variety of minerals as compos- 
ing the black sands of Butte County. It is probable that all 
or nearly all of these will be found in the sands from Gold 
Bluff. As there are large deposits of chromic iron in the 
county adjoining, it is probable that chromite forms a portion 
of the black sand. 

Prof. Silliman mentions syenite as the matrix from which 
most of the minerals he enumerates came. I present a small 
pebble of syenite from Gold Bluffs. It is a common factor in 
the gravel masses. 

To return now to the description of the process of gathering 
the sand. After it had been. as mentioned before, shovelled up 
into little piles, the canvas sacks were taken from the mules 
and filled. With a word from the driver each mule gravely 
walked up between his sacks. On their being placed on his 
back he would start off on a trot, for the works. I watched 
the movements of these animals with a great deal of interest: 
they had to pass several points where the sea was breaking 

retty well up on the bluff. When they saw a heavy 
Gade coming in they would face the cliff like veterans, 
and, with firmly braced feet and drooping ears, allow the 
water to dash over them; when the swell receded, off they 
would start again. During the time I was present these 
mules made three trips, carrying up on the whole some six or 
seven tons: this was on a single tide. 

On arrival at the works the sand is deposited in an enclosure 
called the “sand corral.” A large lagoon near by supplies the 
necessary fresh water for separation. A small stationary 
engine and force-pump is in use. The washing is done in 
machines called Long Toms, the gold being caught on copper 

lates which are charged with quicksilver. Formerly it is be- 
soe that a large percentage of the gold, ground down as it was 
by the wearing action of the surf to a powder, was lost. Now 
the plates are first coated with a layer of silver before the mer- 
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cury is applied. Sodium is also used to free the quicksilver 
from impurities. A ton of the tailings, analyzed in San Fran- 
cisco after this improvement had been effected, did not afford a 
trace of gold. The copper-plates in use, especially in the old 
process, become quite valuable after continuous service, the 
copper being replaced by an almost pure amalgam of gold and 
quicksilver. 

During the week that I was in the vicinity of the works, 
they cleaned up a six or seven days’ run and retorted $1600 
from the washing of the two machines, each employing two 
men. The succeeding week they cleaned up $1700. Of course 
this yield comprised the gold from a portion at least of the 
rich deposit I have described. 

Since the experience of the successive proprietors of this 
extraordinary gold mine go to prove that immediately after 
a heavy cave or slide of the banks, the beaches are richer 
and the gold coarser, it seems strange that up to the present 
time, no artificial means have been resorted to, in the way 
of blasting down the cliffs or undermining them by hydraulic 
power, to increase the yield of gold. The sea working night 
and day is the great natural separator, and man has but to 
gather the results of its tireless work. 

Many ideas have been advanced as to the possibility of gold 
in quantities and coarser in character being found beyond the 
lines of surf, predicated on the fact that in conjunction with 
black sand has been said to have been brought up from the 
bottom by the leads of sailing vessels, and I believe an expedi- 
tion was fitted out to obtain this sand by means of a diving-bell 
or some such apparatus, which did not result favorably. 

Two or three facts can be taken in conjunction here to form 
an idea on this subject. The first is that the gold evidently 
comes from the bluffs. This no one can doubt after once view- 
ing them. The second, that after “caves” the gold obtained 
is much coarser in character. The third, that it is only after a 
continued succession of swells that cut the beach at an angle, 
that the rich sands are found. When the surf breaks square 
on, let the storm be ever so heavy, it simply loads the beaches 
with gravel. The fourth, that no one witnessing the power of 
the surf breaking as it does with no rocky headlands, points or 
rocks to deaden it, can doubt that it must have an immense 
grinding force. From these facts I am inclined to believe that 
the gold follows the first two or three lines of breakers and will 
never be found in paying quantities beyond. As you will see 
by examination of the specimens, this gold is so light in char- 
acter that when dry it will float on the surface of water. 

In endeavoring to account for the presence of these remark- 
able gravel banks, unique I believe on the Pacific coast, one 
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is inclined to think that they were the deposits of a great 
river of the past, occupying the bed of the present Klamath, 
but having its debouchure here. The fact that the gravel is 
flattened and oblong in shape as a rule, the presence of lignite 
in different strata and of river sand in others, would go to 
confirm this theory, although the broken and disrupted charac- 
ter of the mountains back is an evidence of after disturbance. 

I present a fossil vertebra, obtained from the b:nk men- 
tioned, which may throw some light on the subject. Whatever 
may have been the origin of these deposits, and I do not pro- 
fess from lack of experience to form a definite opinion, it is 
certain that they offer an inviting field for the geologist and 
will some day demand careful study. 


After the completion of this paper, I received a letter from 
Prof. J. D. Dana, to whom I had sent specimens of the sands 
of Gold Bluff, from which I extract the following remarks : 

“The red grains in the sand are garnet. It is altogether 
probable that the deposit dates partly from the close of the 
Glacial era; that is, the time of melting of the ice in the early 
part of the Champlain period, when floods and gravel-deposi- 
tion were the order of the day, and partly from the later part of 
the Champlain period, when the floods were but partially 
abated, yet the depositions were more quiet.” 


ArT. XXXIV. ) 
Prof. C. G. Rockwoop, Jr., Rutgers College. 


May 15, 1873.—Several shocks of earthquake were felt at 
Vaiparaiso, Chile. They commenced at 12.32 P. M. and lasted 
forty-two seconds. The motion was vertical. Several persons 
were hurt and killed; the Church of the Apostles was injured 
and the Merced was left in a dangerous state. Many other pub- 
lic and private buildings were more or less damaged. Severe 
shocks were also felt at Quillota and Santiago and slight shocks 
at various places as far south as Concepcion. 

June 29, 1873.—Severe shocks were felt at 5 A. M. ‘a Venice 
and Verona, Italy, and the country north of those cities. The 
shocks were most violent about Belluno, fifty miles north of 
Venice. Here several persons were killed and a church tower 
was thrown down. In all, twenty-four deaths are reported, and 
a large amount of property was destroyed. Mr. W. Stark 
writes from Venice to the London Times, as follows: ‘There 
were fourteen movements in all, seven forward and seven back- 
ward, and each movement occupied a second, as regular and 
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even in its beat as the pendulum of a clock, and with the last 
backward movement there was a sudden and instantaneous stop 
in its center: the earth was firm once more.’ 

July 3, and 6, 1873.—Fresh shocks were reported at Belluno 
and vicinity. 

July 6, 1873.—A distinct shock was felt throughout western 
New York and adjacent portions of Pennsylvania and Canada. 
At Buffalo and at East Otto, N. Y., light shocks were felt 
about 4 A. M. and a few minutes before 7 A. M.; but the most 
severe shock, and the one most widely felt, occurred about 9.30 
A.M. This was felt as far south as Wheeling, West Va.; at 
Erie, Meadville and Titusville, Pa.; at numerous points in 
Chautauque, Cattaraugus and Erie’Counties, N. Y.; at Buffalo 
and Lockport, N. Y., and at Georgetown, St. Catharines, Ham- 
ilton and London, Canada. The time reported at the several 
stations varies from “about 9.12” a. M., at Hamilton, to “22 
minutes before 10,” by one observer at Buffalo. The majority 
of the reports say about 9.30. There is even greater diversity 
of opinion as to the direction of the vibration. A writer in 
the Buffalo Courier says: “It commenced with a shock of 
considerable violence, a tremor succeeding this which main- 
tained a degree of uniformity for some seconds, and finally it 
died away gradually into an almost imperceptible tremulous- 
ness. There are different opinions as to the direction of the 
wave, and the time it lasted is variously estimated at from 
twelve seconds to a minute. Our notion is that it continued 
some twenty seconds.” At Lockport, Fredonia, Randolph and 
Cattaraugus, N. Y., and at Erie, Pa., a rumbling noise was 
heard. At East Otto, N. Y., another shock was felt about 
1] A. M. 

July 8, 1873.—A severe earthquake was felt at Valparaiso, 
Chile, at 2.22 a.m. Considerable damage was done to many 
houses and churches and some few lives were lost by falling 
walls. In Santiago the shocks were severe, but no great dam- 
age was done. 

A slight shock at Halifax, Nova Scotia, on the 
same forenoon. 

July 12, 1873.—Slight shocks in Italy, at Rome, Frosinone, 
Alatri and Paola. 

On the same day a severe earthquake was felt 
throughout Nicaragua, consequent upon the eruption of Momo- 
tamba volcano. 

July 15, 1873.—A slight shock at Napa, Cal. 

July 16, 1873.—A slight shock in the morning at .Worcester, 
Mass., lasting about five seconds, with very distinct rumbling. 

Aug. 2, 1873.—A slight shock about 10 P.M. in Santa Fé, 
New Mexico. 
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Aug. 17, 1873.—A shock about 9 A. M. in Sharon, Pa., last- 
ing ten seconds. 

“Aug. 29, 1873.—A heavy shock of earthquake was felt at 
mission, San Jose, California, at 4 P. M., but resulting in no 
damage. The shock was quite heavy at. Redwood City and 
other towns in Santa Clara Valley, but was very slight in San 
Francisco. 

Sept. 17, 1873.—A sharp shock at 9.30 P. M. at Lucca, Italy. 

Sept. 26, 1873.—The weather observer at Kingston, Jamaica, 
reports that an earthquake was felt there at 1.45 a. M. 

Sept. 30, 1873.—A severe shock, lasting about 40 seconds, 
was felt at 6.50 A. M. at the Desert on the Gatineau in Canada. 
The same shock was felt at St. Hyacinthe and by a few per- 
sons in Montreal. 

Oct. 3, 1873.—A slight shock at 7.45 a. M. at Burkeville, 
Va., and vicinity, with a low rumbling noise. 

Oct. 5, 1873.—A shock at 2.30 a. M. at Lake Village, N. H. 

Oct. 10, 1873.—A slight shock at 4.45 A. M. in the city of 
San Salvador, Central America. 

Oct. 12, 1873.—A shock at 1.15 A. M. at San Diego, Cal. 

Oct. 18, 1873.—A shock occurred on the Isthmus of Panama. 
The following is condensed from the Panama Star and Herald: 
“In the city, the shock was strongly felt about 6.05 P. M., the 
night being dark and sky overcast. It lasted four or five sec- 
onds, and was felt on board of the ships in the harbor, along 
the line of the railroad and at Aspinwall. A correspondent 
writing from San Pablo, one of the stations, says: ‘ We had 
two pretty severe shocks with an interval of but a second or 
two between them. The second shock was most severe and 
accompanied by a rumbling sound.’ In Aspinwall, the shock 
was felt about ten minutes later and more severely than in 
Panama. Most people agree that the oscillations proceeded 
from southeast to northwest.” 

Oct. 19, 1873.—A slight shock was felt about 2 P. M. at Seat- 
tle, W. T., “and at 4 o'clock clouds “s smoke were seen pour- 
ing from the highest peak of Mt. Ran‘c 

Nov. 1, 1873.—A cable dispatch announces that the volcano 
of Kitna is in a state of violent eruption. It states that the 
outbreak is accompanied by earthquakes, and that portions of 
the crater had fallen in, destroyi ing mines of sulphur, which 
were valued at £300, 000. 

Nov. 4, 1873. —Mr. T. L. Clarke kindly sends the following 
report of an earthquake at his home, Makawao, Maui, Hawaian 
Islands. The location is 2170 feet above the sea, on the north 
slope of the mountain of Haleakala. 

“Between 10 and 11 Pp. M four distinct shocks of the ‘ can- 
non ball’ type, preceded by faint rumbling. Apparent direc- 
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tion from south to north; duration, four seconds. This shock 
was felt, about the same time, on the island of Oahu, about 100 
miles distant. By ‘cannon ball’ is meant the jarring feeling 
without oscillation.” 

Nov. 4, 1873.—Two distinct shocks at Burlington, Ver- 
mont, between 11.30 and midnight. 

Nov. 6, 1873.—Three quite severe shocks at Austin, Nevada. 

Nov. 18, 1873.—A slight shock at Bangor, Me., in the night. 

Nov. 22, 1873.—A shock was felt along the Pacific coast 
and vicinity, from Portland, Oregon, to San Francisco. At 
these extremes the shock was scarcely perceptible. It was 
most violent at Crescent City, California, and Port Orford, Or- 
egon (places situated on the coast near the boundary between 
California and Oregon.) At the former place nearly every 
brick building suffered more or less damage from cracked 
walls and falling chimneys. It was quite heavy at various 
points in the Coast Range of mountains, the severity diminish- 
ing north and south from the neighborhood of the State boun- 
dary line. The duration is stated at 20 to 80 seconds, and the 
time a few minutes past nine P. M. The direction appears to 
have been from a point between north and northeast. It was 
also felt at sea north of Cape Mendocino. At Red Bluff and at 
Eureka, California, and at Albany, Oregon, two shocks were 
reported, and at Roseburg, Oregon, a “ roaring” was also heard. 

Dec. 8, 1873.—A sharp shock in Santa Clara, California. 

Dec. 4, 1873.—T wo severe shocks in the morning at St. 
Thomas, West Indies. 

Dee. 10, 1573.—A slight shock reported at Camp Stambaugh, 
Nebraska. 

Dec. 17, 1873.—A smart shock, followed by a rumbling 
noise, between 11 and 12 P. M., at Victoria, Vancouver's Island. 

Dec. 18, 1873.—A heavy shock at sunrise in Bear Lake Val- 
ley, Utah. 

Dec. 20, 1873.—A shock in the night, lasting ten seconds, at 
Victoria, Vancouver's Island. 

Jan. 5, 1874.—A slight shock about 4 Pp. M. at Ogdensburg, 
New York, and vicinity. It was also felt at Rensselaer Falls, 
where it was attended by a “deep rumbling sound.” 

Jan. 18, 1874.—Two slight shocks in San Francisco. 

Jan. 25, 1874——A slight shock about noon at Chelmsford, 
Massachusetts. 

Feb. 1, 1874.—Two shocks between 2.30 and 8 P. M., at 
Rimouski and a few other points on the St. Lawrence River. 

Feb. 6, 1874.—A severe shock at La Guayra, Venezuela, 
causing much injury to persons and property. 

My thanks are due to E. L. Gaul of the New York Times, 
for information received. 

New Brunswick, New Jersey, Feb. 24, 1874. 
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ArT. XXX V.—Geographical and Geological Explorations and 
Surveys West of the 100th Meridian; First Lieut. Gro. M. 
WHEELER, Corps of Engineers, in charge. 


THE labors of the Survey, which has for its objects examina- 
tions in the departments of astronomy, topography, meteorolo- 
gy, geology and natural history, have been divided into two dis- 

tinct parts, so far as they refer to the field-season of 1873. The 
parties have been engaged in the following political divisions: 
1st, Colorado; 2d, New Mexico ; 3d, Arizona ; 4th, Utah; 5th, 
Nevada; 6th, Montana. The first part or main ‘division in- 
cludes astronomical work at the main field-stations, which, after 
having been prosecuted across a sensibly latitudinal belt of coun- 
try, from Omaha to San Francisco, will gradually be developed 
laterally into what might be termed a scheme of astronomical tri- 
angulation. At each of the stations, bases are measured upon 
which are founded a system of secondary triangulation, which 
is further extended by trigonometric ecnnection over specified 
areas. Three parties connected with this portion of the work 
commenced their field duties June Ist. One party, which was 
in charge of John H. Clark, astronomer, took station at the 
Mormon observatory in Temple square, Salt Lake City. Mr. 
Ciark was assisted by two soldiers of the battalion of engineers. 
The second party, under Dr. F. Kampf, astronomical observer, 
commenced operations at Georgetown, Colorado. Dr. Kampf 
was assisted by one civilian as recorder and by two engineer 
soldiers. A third party, in charge of W. W. Maryatt, assistant 
astronomical observer, recommenced the series of observations 
at Green River, on the Union Pacific Railroad, Wyoming, 
left unfinished in 1872. Mr. Maryatt had also for his assistants 
one civilian recorder and two engineer soldiers. Prof. T. H. 
Satford, whose services had temporarily been secured, through 
the courtesy of Major Barlow, Corps of Engineers, took charge, 
with due military assistance, of astronomical party No. 4, “at 
Santa Fé, New Mexico, on or about June 15th. The general 
charge of the construction of the astronomical observatory at 
Ogden, Utah, in accordance with the plans proposed, was dele- 
gated to Prof. H. B. Herr, of Lehigh University, Pennsylvania. 
The observatory was completed, with the exception of the 
dome, and consists of a substantial brick building upon a stone 
foundation, with three observing rooms, which may be increased 
to five in number. This will serve as a central or connecting 
station for a great share of the area between the 49th and 32d 
parallels of latitude, limited on the east by the continental divide, 
and with the gene ral Sierra Nevada trend of mountain ranges 
as a western limit. The main line of the Western Union Tele- 
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graph Company now connects with the observatory, and with- 
out difficulty, lines reaching either to the north or to the south 
can be obtained. At each of these stations a heavy stone pier 
is erected; also other stone monuments to mark the meridian of 
the place. Up to the close of the last field-season, twenty-four 
distinct meridian lines have been determined by the Survey in 
different parts of our western country, independent of the large 
amount of astronomical work necessary for minor checks. 
Local surveys are conducted in connection with this class of 
work, and the results are to be incorporated into the general 
map. 
The observations necessary for the accurate determination of 
the astronomical codrdinates of the following positions were 
completed. 

. Santa Fé, New Mexico. 7. Georgetown, Colorado. 

. Fort Union, New Mexico. 8. Ogden, Utah. 

. Trinidad, Colorado, 9. Winnemucca, Nevada. 
4, Labran, near Cajion City, 10. Virginia City, Nevada. 

Colorado. 11. Bozeman, near Ft. Ellis, Mon. 

5. Colorado Springs, Col. 12. Green River, Wyoming. 
6. Hughes, Colorado. 


It may be hardly necessary to add that the signals for the 
longitude are made by the use of the telegraph. The series of 
observations required for latitude and longitude work are by 
the aid of the best class of field astronomical instruments, and 
the results already computed prove that the probable errors 
obtained are a minimum. 

The second main division of the Survey consists of the mov- 
ing field-parties. Its personnel, in addition to the officer in 
charge, has been three other officers of the Corps of Engineers, 
two officers of the line of the army, two acting assistant sur- 
geons, one hospital steward, seven topographical assistants, three 
meteorological assistants, three geological assistants, one miner- 
alogist and three natural-history collectors. Their labors com- 
prehended exhaustive work in topography, and examinations in 
geology and natural history, so far as the administration of the 
survey will permit, besides a series of general meteorological 
determinations, which were made hourly at the main astro- 
nomical stations. The duty of making sextant astronomical 
observations, for resultant checks to topographical positions, 
is delegated to officers of the Corps of Engineers connected 
with the Survey. 

Our points of departure to the field of operations were three 
in number: Ist, Salt Lake City; 2d, Denver, Col.; 3d, Santa 
Fé, N.M. The party at Salt Lake took the field about May 
20th. The duties assigned to this party were to complete cer- 
tain areas upon specified atlas sheets, left incomplete in 1872. 
Although meeting with many physical obstacles, after an har- 
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rassing campaign, they accomplished their work in Utah, and 
carried out the duties assigned to them in the southern part of 
the survey. Their topographical notes have been received and 
are already in the hands of the lithographer. Lieut. R. L. 
Hoxie, Corps of Engineers, had charge of this division. Lieut. 
W. L. Marshall, Corps of Engineers, had charge of the Colorado 
party. This party, assisted by the codperation from the south- 
ern portion of the Survey, has accomplished the general profile 
of the continental divide, from the latitude of Denver to the 
southern boundary of Colorado, and extended the survey lat- 
erally, so as to embrace a rectangular area limited on the east b 
the 105th meridian west from Greenwich, on the west by longi- 
tude 107 degrees, north by the latitude of Denver and south 
by the southern boundary of Colorado. A large part of the 
expedition was massed at Santa Fé, and took the field between 
the 5th and 10th of June, for the purpose of connecting with 
the labors of the expedition of 1871, and to carry the survey 
thence eastward as far as the Rio Grande, between the latitudes 
35° 30’ and 35° 20’ north, completing atlas sheets 75, 76 and 88 
respectively, and portions of 77 and 84. The several moving 
field-parties had for escorts enlisted men, from seven to ten in 
number for each party, drawn from the military departments of 
Arizona, the Missouri and the Platte. 

While the field operations were being prosecuted, the personnel 
of the office, consisting of three draughtsmen and one computer, 
has also been kept actively engaged. Astronomical compu- 
tations have also been made during the season by Prof. Wm. A. 
Rogers, of Cambridge, Mass. The areas traversed and covered 
by the various parties will exceed 70,000 square miles. This 
covers parts of Colorado, Utah, Arizona uk New Mexico, and 
resulting maps are to be completed on a scale of one inch to 
eight miles. The labors of the season, covering as they do large 
geographical areas heretofore little known, will add most val- 
uable new and interesting facts to the geography of our west- 
ern country. Among the most remarkable of these will be the 
approaches to the cafion of the Colorado, in the vicinity of the 
Dirty Devil and San Juan Rivers; also features of the Castle 
Valley in Utah. These form part of the Grand Colorado pla- 
teau and present uncommon topographical features. In the vi- 
cinity of the Sierra Blanca Range in Arizona, about the head 
waters of the Little Colorado and Salt Rivers, the main northern 
head of the Gila and of its tributaries, a section of country 
both novel and beautiful in its physical characteristics, has been 
entered. A large part of this territory had scarcely been trav- 
ersed by any adventurous white man, at least we have no re- 
corded information to that effect. About the head waters of the 
Colorado, Chiquito and Salt Rivers a system of parks has been 
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developed, that will probably be found to equal, in beauty and 
grandeur, any yet discovered upon the North American conti- 
nent within the limits of the United States. This little known 
section is well wooded, bountifully supplied with water, and 
covered with a rich growth of the bunch and gramma grasses. 
The Colorado party was most successful in its topographical 
and other determinations, over an area of nearly 20,00U square 
miles in Colorado. Positions have been determined with accu- 
racy, and the amount of topographical detail gathered will 
supply all that can be placed upon a map of the scale intended. 
The backbone of the continent within the latitudinal areas trav- 
ersed is most wonderfully intricate in its topographical and geo- 
logical forms. The collections in natural history, especially in 
the departments of ornithology and botany, have been large, and 
consist of many rare specimens. They are now, through the 
kindness of the Smithsonian Institution, in the hands of emi- 
nent specialists and scientists for examination, and reports upon 
them are being prepared. 
Publications.—During the present year, the first publication of 
the topographical atlas up to date will be made. This com- 
rises several physical sheets, and covers areas of more than 
0,000 square miles, delineated upon a scale of 1” to 8 miles. 
A part of the geological atlas, for which material has been gath- 
ered, it is hoped will be published in due time. The six quarto 
volumes prepared for publication are as follows: 1. General 
volume; 2. Astronomical report; 3. Meteorological; 4. Geo- 
logical; 5. Paleontology; 6. Natural History. Four of these 
volumes are now well advanced, and it is hoped that they may 
all be published within the coming year. They will embrace, 
besides reports of certain officers and assistants of the Survey, 
special reports upon paleontology and certain natural history sub- 
jects, contributed by gentlemen who have examined the fossils 
and other collections. 


Art. XXXVIL—On a Mass of Meteoric Iron of Howard Co., 
Ind. ; with some remarks on the molecular structure of meteoric 
tron, and a notice concerning the presence of solid protochloride of 
iron in Meteorites ; by J. LAWRENCE SMITH, Louisville, Ky. 


THE mass of meteoric iron described below possesses pecu- 
liar interest from the fact that it was not found on the surface 
of the ground, but beneath the soil, although not to any very 
great depth. In 1862, a farmer, Mr. E. Freeman, while excava- 
ting a ditch in Howard County, Indiana, struck, at a depth of 
nearly two feet, a hard mass that attracted his attention; and 
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owing to its unusual weight, he preserved it. The earth pene- 
trated consisted of stiff clay beneath four inches of black soil, 
so that the mass was imbedded in the clay. This clay was 
colored by oxide of iron, arising from a slight decomposition of 
the surface of the meteorite, the iron being one of those that 
decomposes but slightly from atmospheric agencies. This me- 
teorite was lost sight of for a number of years, having fallen 
into the hands of those not interested in matters of natural 
history, and only recently was sent to me for examination. 

The form of the meteorite is an irregular elongated oval, and 
it has the indentations of the surface found on most meteoric 
irons. Its weight is four kilograms. The alteration at surface 
is very slight, considering the length of time it must have re- 
mained beneath the surface of the svil, and fresh cut surfaces 
retain perfectly their brightness. The specific gravity is 7-821. 

The composition of the meteorite is as follows: 


a trace. 


A polished surface, when treated with nitric acid or bromine 
water, does not give the slightest indication of Widmanstittian 
figures, so characteristic of most meteoric irons. It hence be- 
longs to that class of irons which are rich in nickel and yet 
give no signs of such figures, to which belong the Cape of Good 
Hope iron of 1793, containing 15 per cent of nickel and 2°5 per 
cent of cobalt, and also a more recent California iron, called the 
Shingle Springs iron, containing 17 per cent of nickel and ‘6 of 
cobalt. Of the same kind is the Octibbeha meteorite, containing 
the very large amount of 59°7 per cent of nickel. Besides the 
above, there are certain irons containing much less nickel that 
are also without these figures, as the Nelson County, Braunau, ete. 

The phenomena of the so-called Widmanstittian figures in 
connection with meteoric irons is one of considerable interest, 
and as yet escapes a satisfactory explanation. At one time it 
was supposed to arise from the accumulation in the lines of the 
figures of an alloy richer in nickel than the mass of the iron. 
Then, again, it has been supposed to arise from the. accumula- 
tion of a phosphide of weal and iron (schreibersite), along 
certain iines of crystallization in the mass. But neither of 
these hypotheses serve to explain the varied features of these 
figures, or the total absence of them, as in the present instance. 
My own conviction is, that we shall not arrive at a satisfactory 
explanation until our knowledge of the effect of a minute 
quantity of foreign substances in the iron is better understood 
than now ; a subject which both pure and technical chemistry 
are now studying with great interest, in order to discover how 
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far those substances usually called impurities in iron are to be 
regarded as hurtful. The tendency of the investigations at the 
present time is to show that these supposed impurities may all 
play an important part in useful modifications of iron, when 
present even in very minute quantities; and I would state, as 
the result of my observation (and one bearing upon the present 
question), that one per cent or less of phosphorus so far modi- 
fies cast iron that it will resist the action of concentrated sul- 
phuric acid to a greater degree than when entirely free from 
phosphorus. This fact explains why it is that those who sep- 
arate silver and gold by what is known as the sulphuric acid 

rocess, have to make trial of many descriptions of cast iron 
Salis they can get one well adapted to their purpose; some 
cast-iron vessels being destroyed in a few weeks, while others 
will last for years. It is true also, that, besides any chemical 
property which the trace of phosphorus may impart, it modifies 
to a certain extent the physical properties, imparting to the iron 
more fluidity when in a melted state, and furnishing more com- 
pact castings My present conviction in regard to the Wid- 
manstittian figures is that, in the consolidation and crystalliza- 
tion of the iron, as in the crystallization of all other substances 
containing impurities, there is a tendency to eliminate the for- 
eign constituents, to the exterior portion of the crystals; and, 
where the mass becomes a conglomeration of crystals, it is be- 
tween the crystals, and contiguous to their surfaces, that we 
shall find the great part of the foreign constituents, mixed with 
more or less of the predominating materials. In the case of 
iron, we often see this in a very marked degree: as, for instance, 
where a blast-furnace has been chilled, and the accumulated 
iron at the bottom passes slowly from a plastic to a solid condi- 
tion, there the iron will be found in large crystals containing a 
very much smaller amount of carbon than in that usually 
produced by the furnace, the carbon having been eliminated in 
the form of flakes of graphite between the crystals. 

To apply this reasoning to meteoric irons (which, according 
to experiments made by me in 1852, on eighty specimens, and 
verified by all my subsequent analyses, always contain phos- 
phorus), it might be safely premised that, should the iron be 
consolidated rapidly, we might expect such a diffusion of the 
phosphorus as to give no marked indications in any parts of 
the mass. If, however, the iron has ~ slowly from the 
plastic to the solid condition, we might expect a more or less 
perfect elimination of the phosphorus in certain parts repre- 
senting the spaces between the crystals of the mass. It must 
not be supposed that its complete elimination always takes 
place in the form of a definite compound of phosphorus and 
iron, but that the portions of the iron forming the limits of the 
crystals become more richly charged with phosphorus, from the 
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center to the circumference of the crystals, during the slow 
consolidation of the latter. The result of this phenomenon 
would be to destroy the homogenous character of the mass, and 
consequently to render its different parts variously susceptible 
to the action of chemical agents. Thus, an acid would act in 
one part on the iron more readily than in another, affecting the 
least that part containing most phosphorus, even though this 
last element should be in very minute quantity, and so produc- 
ing that mottled surface in the lines of crystallization known 
as the Widmanstattian figures. 

Of all examples of the separation of substances in the forma- 
tion of natural compounds, there are none comparable to those 
exhibited by meteuric irons, in which elements having a most 
remarkable affinity for each other are separated the one from the 
other by the sharpest possible lines. Of course, I do not mean 
by this that the sulphur, phosphorus and iron of a meteorite 
are completely separated the one from the other, but that a small 
portion of the iron will combine with nearly all the sulphur and 
phosphorus of the entire mass, segregating in clear and distinct 
nodules, and in a manner that it would be vain for us to 
attempt to produce artificially. 

One of the most remarkable forms of this segregation is 
where the sulphur and phosphorus compounds are eliminated 
into the same cavity, as was first shown by me in 1852. I 
have in my possession (and the same may be found in other cab- 
inets) several examples of this. The last one which has come 
to my notice is that of the iron which fell in South Africa in 
1862, and which I described in a recent number of this Jour- 
nal. In this iron there is an oval cavity, two and a half centi- 
meters in its long diameter; at the center is troilite (sulphid of 
iron), filling the cavity to within one or two millimeters of the 
surface; and between the exterior surface of the troilite and 
the inner surface of the cavity is a thin layer of schreibersite 
(a phosphuret of iron and nickel of definite composition) 
(Ni?Fe*P), with hardly a trace of sulphur. In other places in 
the iron, we find laminz of this same phosphuret, of greater or 
less thickness; nodules of troilite are also frequently found 
entirely alone. But, it may be asked, what of the iron which 
contained this large amount of phosphorus and sulphur dis- 
seminated through the mass? Now in the iron proper there is 
to be found only a trace. In the Tazewell iron, for instance, 
which furnished me several of these compound nodules, there 
is but 016 per cent of phosphorus, and in the Arva iron, filled 
with layers of schreibersite, the iron itself has remaining in the 
mass only ‘019 of one per cent; and it seems to me impossible 
to explain such perfect elimination of phosphorus and sulphur, 
substances having so strong an affinity, except by supposing a 
long plastic condition and slow consolidation of the mass. 
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It is almost needless for me to say that geologists and miner- 
alogists have noticed this process of segregation in a vast num- 
ber of cases. In fact, it is one of those processes which assist 
in a conspicuous manner in the formation and separation of 
rocks and minerals; and I only give to it greater prominence 
here from the fact of the great affinity of the subtances taking 
part in the production of this phenomenon in meteoric irons. 
These views are put forth, not so much to give expression to 
positive conclusions on this subject, but rather to give a proper 
direction to the method of studying this question. 

Solid protochloride of iron in Meteorites.—In 1852 I detected 
for the first time small particles of solid protochloride of iron 
in the Tazewell iron; for, although the exudation of a deliques- 
cent salt has been frequently observed on the surface of these 
irons, it bas always been found due to a liquid perchloride, 
and its exact source in the iron has never been traced, so that 
many have supposed that this perchloride was of terrestrial 
origin. But the discovery of the solid protochloride in the 
interior of the mass was sufficient to establish beyond doubt 
that the chloride formed a part of the original mass of meteor- 
ites. Since that time, no mention hag been made of a further 
discovery of this protochloride; and it is only within a few 
months that I found it a second time, in the meteoric iron from 
Rockingham County, North Carolina. It was in the form of a 
small green mass After removing it from the interior of the 
iron, a small portion of it was used for a qualitative analysis, 
and the remainder placed in the hands of Prof. Daubrée, of the 
School of Mines at Paris. With these remarks I conclude all 
that I have to say in this chapter on the chemical study of this 
interesting class of bodies, which link the earth to distant cos- 
mical bodies. 


Art. XXX VII—On the Hamilton in Ohio; by N. H. 
WINCHELL. 


THE following summary is taken from a report on Paulding 
County, in northwestern Ohio, written for the Geological Survey 
of that State. In the progress of the survey of Delaware 
County, some evidence was obtained of the Hamilton age of the 
whole of the blue limestone of that county, but not such as 
placed an opinion beyond the limit of doubt. Hamilton fossils 
are found in it in vanous places. The same is true of its ex- 
posures in Marion and Seneca, and at Bellevue in Sandusky 
County. But in Paulding County the closest attention was paid 
to the solution of the question, “‘Do Hamilton fossils extend 
through the whole of the blue limestone?” a question pro- 
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pounded by the Director of the survey, for the purpose of test- 
ing the evidence. It is deemed best here to present a general 
section of the rocks of Paulding and Defiance Counties, in order 
to express clearly the position of the beds that have furnished 
the writer the only Hamilton fossils found in northwestern 
Ohio. This section agrees in all its details with that of Dela- 
ware County, except the attenuation here of the Olentangy 
shale of Delaware County. Indeed, this shale, which in the 
Report of Progress for 1869 is regarded Hamilton, is seen to be 
entirely wanting in most places in Defiance County, the thin, 
tough, Black Shale layers lying immediately on the hard beds 
of the Tully limestone. 


Diagram showing a section of the rocks of Paulding and Defiance Counties, Ohio. 


No. 1. Huron shale, of the Ohio Reports. No. 2. Bluish 
shale, local; the Olentangy shale of Delaware County. 
_ No. 3. Hard, dark-blue siliceous limestone, the Tully 
limestone of New York. No.4. Blue limestone; the 
whole, including the lowest observed part of this, 
holds Hamilton fossils, the Hamilton limestone of New 

York. No.5. Saccharoidal, very fossiliferous lime- 

stone: the Delhi beds of Delaware County ; the Cornif- 

erous limestone of New York. No.6. Buff, magne- 
sian limestone; the upper half is in thin beds; the 

Onondaga limestone of New York. No. 7. Sandstone; conglomeritic in Dela- 

ware County; the Oriskany of New York. No. 8. Heavy-bedded, magnesian 

limestone; ‘‘ phase No. 2,” of the Waterlime; Ottawa County. No. 9. Thin, 
wavy, compact beds, “phase No. 3,” of the Water-lime; Ottawa County. 

No. 1 of this section does not appear in Paulding County, 
except in the form of floating pieces transported with the Drift. 
It is fully described in reports on other counties. 

No. 2 appears in the Tiffin River at Brunersburg, where it 
embraces a shaly limestone which crumbles under the weather. 
Such limestone is in detached lumps and lenticular masses. It 
is washed out of the shale near Waldo, in Marion County, by 
the force of the water of the Olentangy, where it falls over a 
dam. It is entirely unfossiliferous, as well as the shale in 
which it lies. In northwestern Ohio, No. 2 is very much re- 
duced from its observed thickness in Delaware County (80 feet), 
and is usually altogether wanting. It is evenly but very thinly 
bedded, and is closely related to the Huron shale (No. 1), with 
which it is interstratified in Delaware County. 

No. 3.—This holds the place and exhibits most of the char- 
acters of the Tully limestone of New York. Its identity is 
not established on paleontological evidence. It is quarried at 
Florida, on the Maumee, and by Mr. Dilz, near Defiance. At 
the former place, it is immediately overlaid by the Black Shale. 
Its thickness is 6-10 feet. 

No. 4 has a thickness in Delaware County of thirty-five feet, 
and probably it will not vary very much from that, on the west 
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side of the anticlinal. There are no exposures in these counties 
favorable for learning its aggregate thickness. In the season 
of 1871, a collection of fossils characteristic of the Hamilton 
was made in the northeast 4 sec. 30, Auglaize, in Paulding 
County. The species here gathered were those already enume- 
rated in the description of the outcrop at that place.* Time 
was not sufficient then for determining certainly the relation of 
this stone to the rest of the blue limestone. In the season of 
1872, this point was made the subject of careful investigation. 
The result arrived at was the conclusion that the beds which 
hold these Hamilton fossils are very near the bottom of the 
blue limestone. The evidence is not that of actually observed 
superpcsition, but that which is based on a series of observa- 
tions, along the Auglaize Valley, on the dip of the underlying 
rocks. It is a very observable fact that the limestones of 
northwestern Ohio are very evenly and regularly laid down, 
and have not been so disturbed by any force as to introduce 
=. or even extraordinary dip, in any direction or 
degree. assing along the valleys of any of the streams 
that expose nef rock, this fact is very apparent. The formations 
succeed each other in perfect conformity with the known gen- 
eral dip. It is so in Paulding County. The Water-lime, the 
lowest in the series of rocks in the county, occupies the most 
southerly part of the county. Its upper horizon unites with 
the Oriskany at Charloe. The dip is very slight, but to the 
north. In regular order, and a little farther north, the Onon- 
daga beds of the Corniferous group appear. Next, the Cornif- 
erous proper appears at the mouth of the Flatrock, with di 
northeast. About three-quarters of a mile still farther nort 
occurs the outcrop which holds the abundant Hamilton fossils, 
the dip there being in the same direction and to the same 
amount. This is at the mouth of the Little Flatrock. A half 
mile still farther north is Mr. Mead’s quarry in the blue lime- 
stone of Delaware, the dip being the same. A few rods still 
farther north is Mr. Columbia’s quarry, in the beds of the same, 
or nearly the same, horizon. About three-quarters of a mile 
still farther north, ‘the blue limestone is again quarried, sec. 
17, Defiance, Defiance County, where the dip is still north or 
northeast. About a mile and a half still arther, the Tully 
limestone comes into view, and is wrought by Mr. Dilz for 
lime. A mile still farther, the Black Shale appears. Through- 
out the whole of this distance, there is no return of the strata ‘by 
an exceptional dip. The beds occur in exactly that order they 
should have if laid regularly down, like the shingles on a roof. 
* They are Atrypa reticularis, Cyrtia Hamiltonensis, a handsome Orthis, Spirifer 
mucronatus, Spirifer (a large species resembling S. macrothyris H.) Terebratula, 


Strophomena, Cyathophyllum, Aulopora, Calopora, and various fine incrusting 
cor: 
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The inference is inevitable that the lowest layers occur iu out- 
crop farthest south. Now, as there is no blue limestone ex- 
posed to the south of the mouth of the Little Flatrock, and 
since there are, on the other hand, abundant exposures to the 
north, the dip being, as stated, constantly to the north, the rock 
at the Little Flatrock, containing the Hamilton fossils men- 
tioned, must lie below the rest of the blue limestone observed, 
and very near the bottom of that formation. There can be no 
other evidence except that of actually observed superposition. 
The writer did not give strict attention to the subject of the 
downward limitation of well-known Hamilton fossils in the 
survey of any other county, having regarded the uniformity of 
lithological characters sufficient to establish the essential unity 
of the whole of the blue limestone, and never having noticed 
a lack of corresponding uniformity of paleontological charac- 
ters. These latter were sufficient to indicate the Hamilton age 
and the perfect parallelism of the blue limestone with the 
Hamilton limestone of the adjoining State of Michigan. 

No. 5 is that which is seen in the Auglaize near the mouth 
of the Flatrock. It is much different from the blue limestone 
in lithological characters. It is not so hard, nor so dark-colored. 
The beds are generally of about the same thickness as those 
of the blue limestone, but much less uniform. They are apt 
to taper toward the right or left, and appear as lenticular pieces. 
Their upper surfaces are also roughened by prominent fossil 
corals. The rock is much freer from argillaceous matter than 
the blue, and makes a whiter quicklime. It is sometimes cri- 
noidal : and its mural faces in Delaware County present an ap- 
parently massive structure, with crumbling surfaces, the pieces 
falling out being an inch or two in diameter. Its thickness is 
about twenty-eight feet. 

No. 6 has a thickness of about thirty feet. Its upper por- 
tion is thin-bedded, and fit only for quicklime. Its lower por- 
tion is in heavy beds of twelve or fifteen inches, and is in 
some places a prized building stone. It is of uniform grain 
and composition, being non-fossiliferous, and is susceptible 
of being cut or sawn into blocks of any desired dimensions. 
It often passes for a sandstone, and has a light cream color 
when weathered. 

No. 7 is perhaps ten feet thick; but only six inches have 
been seen in Paulding County. It is sometimes conglomeritic. 
Several large boulders derived from it were seen in the bed of 
the Maumee, near Emerald. 

No. 8 is from six to ten feet in thickness. The quarry at 
Charloe is in No. 8. 

No. 9 is in wavy, or at least in distorted, bedding, a common 
feature of that phase of the Water-lime. 
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Art. XXXVIII.—On the Lignites and Plant-Beds of Western 
America; by J. S. NEWBERRY. 


In the Geological Report of Prof. F. V. Hayden for 1872, Mr. 
Leo Lesquereux gives a comprehensive review of the fossil flora 
found associated with beds of lignite, in various localities 
through the western portion of our continent. The views 
advanced: in this paper are so inconsistent with the facts ob- 
served by myself, that I venture to call in question the accu- 
racy of some of them. By Mr. Lesquereux, much the greater 
part of the fossil plants found at the west are referred to the 
Kocene, whereas, to my certain knowledge, a considerable por- 
tion of the flora which he calls Eocene is Cretaceous, and 
another considerable portion is of Miocene age. This ques- 
tion will be discussed in a report on the fossil plants of New 
Mexico, Dakotah, Oregon, etc., which I am preparing for Prof. 
Hayden, and I wiil now only allude to some of the facts which 
are incompatible with Mr. Lesquereux’s views. 

The earliest and best known of the plant-beds of the far west 
are those of the region of the plains, in Nebraska, Kansas and 
the Indian Territory, of which those of Black Bird Hill, Fort 
Harker, Walnut Creek and Whetstone Creek may be taken as 
examples. These were at first pronounced by Prof. Heer to 
be Miocene, and in this view he was defended by Mr. Les- 
quereux, while I asserted that they were Cretaceous.* It is 
now universally conceded that the latter view was correct. 
From this horizon, we have obtained a large number of fossil 
plants, and this, the first angiospermous flora known, has 
proved to be of great richness and interest. It has, however, 
passed out of discussion, and requires no further notice here. 

During my explorations of New Mexico and Arizona, I 
found beds of lignite at various localities; those of the San 
Juan, for example, attaining a thickness of from thirty to fifty 
feet. With these lignites are many fossil plants. Dr. Hayden, 
who in 1869 made a reconnaissance as far south as Santa Fe, 
touching these plant-beds on Galisteo Creek, referred them to 
the Tertiary. Following him, Mr. Lesquereux has reported all 
the New Mexican lignite and plant-beds to be of Eocene Ter- 
tiary age. Having spent saul two years in this region, con- 
stantly occupied in the study of its geology, I feel authorized 
to state that all the lignite beds yet known in New Mexico are 
unmistakably of Cretaceous age. Fossil plants are found at 
several different horizons in the Cretaceous, but none whatever 
in the Tertiary. In fact, the only Tertiary strata known in 


* This Journal, vol. xxviii, p. 85; xxix, pp. 208, 434. 
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New Mexico are the chalky fresh-water marls deposited in 
basins of the present topography, and without fossil plants. 

The lignites of Colorado, which are so largely developed in 
the Raton Mountains, at Trinidad, Golden, Marshall’s, etc., have 
been studied by Mr. Lesquereux in place, and by him they, 
with their associated plant-beds, are regarded as constituting 
typical examples of our American Eocene deposits. As I have 
not visited that portion of Colorado where this great lignite 
formation is exposed, I will not venture to deny the truth of 
the conclusions arrived at by Mr. Lesquereux. I may say, 
however—-Ist, That the flora of these Colorado lignite-beds has 
almost nothing in common with that of the European Eocene. 
Its botanical aspect is certainly entirely different, and, in my 
judgment, not a single species and scarcely any genera are 
found in both. 2d, That the tuberculated fucoid (Halymenites), 
considered by Mr. Lesquereux as diagnostic of the Eocene, is 
in New Mexico the most characteristic fossil plant of the Cre- 
taceous sandstones. 3d, That Profs. Meek, Marsh, Cope and 
Stevenson, guided by the molluscous and vertebrate remains 
found in the Colorado lignite deposits, consider them Upper 
Cretaceous. 

The age of the lignites of Wyoming and Utah—of Carbon 
Station, Rock Springs, Coalville, Hallville, Evanston, Bear 
River, &c.,—has been discussed at length by Messrs. King, 
Emmons, Meek and Cope. While it is admitted by all that 
there are wide-spread Tertiary deposits in Wyoming and Utah, 
and some of them contain lignite and fossil plants, it is claimed 
and apparently proved, by the gentlemen whose names are 
cited above, that the lignites of the localities named are 
Cretaceous.* 

In regard to the Bitter Creek lignites, Mr. Meek shows that 
the evidence, if not conflicting, is at least indecisive of their age. 

The strata of Wyoming, which contain the newly discovered 
and wonderful vertebrate fauna described by Profs. Leidy, 
Marsh and Cope, are thought by these gentlemen to be clearly 
Eocene. But, though so rich in animal remains, they contain 
few plants, and these throw little light on the discussion. The 
Green River plant-beds are placed by Mr. Lesquereux in the 
Miocene; but a small group of plants which I have from these 
beds includes palms (Manicaria) and other plants not found 
elsewhere in the Miocene of America. Mr. Lesquereux is dis- 
posed to regard palms as diagnostic of Eocene, but they are 
common enough in the Miocene of Europe, and they should 
have grown in Wyoming when the luxuriant Miocene flora 
covered Alaska and Greenland. 


* A very comprehensive review of the question is given by Mr. F. B. Meek in 
the chapter of Prof. Hayden’s Report which succceds the paper of Mr. Lesquereux. 
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From the great lignite basin of the Upper Missouri, a large 
number of fossil plants have been brought to me by Prof. Hay- 
den, the Sully expedition and others. Many of these have 
been already described, and the flora which they represent I 
have pronounced Miocene.* In the review to which I have 
alluded, Mr. Lesquereux refers all the plants from the Upper 
Missouri lignite-beds to the Lower Eocene. This conclusion I 
am unable to accept, from the fact that the general facies of 
the Missouri lignite-flora is altogether unlike that of the Euro- 
pean Eocene, and it is identified with the Miocene flora of 
Arctic America, Iceland, the Hebrides and Central Europe, 
by most of its genera and by a considerable number of well- 
marked identical species. It also contains some species which 
are living at the present day. Among these latter may be 
mentioned our deciduous cypress (Zaxodium distichum) and the 
sensitive fern (Onoclea sensibilis) This fern also occurs in 
Greenland, and is that described by Edward Forbes, from the 
plant-beds of the Island of Mull, under the name of Filicites 
Hebridicus. Among the plants common to the Upper Missouri 
lignite-beds and other well known Miocene deposits, are Corylus 
Mc Quarrii Forbes, Glyptostrobus Huropeus Ung., Sequoia Nor- 
denskioldi Heer, Carya Antiquorum Newb., (=J/uglans nigella 
Heer), Populus cordata Newb., (=P. Zaddachi Heer), Tuxites 
occidentalis Newb., Thuia interrupta Newb., ete. 

The coals and fossil plants of Vancouver's Island are stated 
by Mr. Lesquereux to be of Tertiary age; but the evidence 
that they are Cretaceous is overwhelming. Some of the species 
found in the locality were at first supposed by Prof. Heer and 
Mr. Lesquereux to be identical with European Miocene species, 
but we now know that this identification was made upon insuf- 
ficent evidence. Among the fossil plants which I have seen 
from Vancouver's Island, there is only one which I can cer- 
tainly identify with a species found elsewhere, and that is 
Sequoia Reichenbachi, which occurs in numerous localities in 
the Cretaceous of Europe and in the Arctic. The Cretaceous 
age of the Vancouver coal was known to me as early as 1858, 
when I received the first collections made there by the late Mr. 
George Gibbs, and it was demonstrated in the paper on the 
fossils collected by him, published in the Proceedings of the 
Boston Natural History Society, in 1863. Interstratified with 
and overlying the beds of coal at Nanaimo, are strata contain- 
ing great numbers of well marked Cretaceous mollusks, Am- 
minutes, Baculites, Inoceramus, etc. With our present knowl- 
edge of paleontology, very few geologists would consider the 
question of the age of strata which contain these genera open 
to discussion. 


* “Our Later Extinct Floras "—Annals Lyc. Nat. Hist., N. Y., vol. ix, 1868. 
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The plant-beds of Birch Bay, from which collections were 
made by Prof. Dana, when connected with the U.S. Exploring 
Expedition ; those of Burrard Inlet, and those of Eastern Ore- 
gon, from which such extensive collections have been made by 
the Rev. Thomas Condon, are, in my judgment, all Miocene. 
The same may be said of those of Alaska and McKenzie’s 
River ; at least, in all these, as well as in those of the Upper 
Missouri, we find species which recur in Greenland, Iceland 
and continental Europe, in what has been universally called 
the Miocene flora. 

The Eocene flora of Europe, as exhibited in the Island of 
Sheppey, at Monte Bolca, etc., has a distinctly tropical and 
Indo-Australian character; and we must say that, up to the 
present time, no similar group of plants has been found in 
America. In a botanical point of view, therefore, we are quite 
safe in the statement that the Eocene flora has not yet been 
recognized in this country. Looking at the question, however, 
from a geological stand-point, it assumes a somewhat different 
aspect. It is certain that we find on this continent Tertiary 
deposits which correspond in position with the Eocene of the 
Old World, and these contain many Eocene mollusks. If, 
now, fossil plants were found associated with these, we should 
be compelled to regard them as forming an Eocene flora, what- 
ever their botanical character might be; just as our Cretaceous 
flora is none the less Cretaceous, though somewhat more closely 
allied to the Tertiary flora than are the plants found in the 
Cretaceous of Europe. Yet we find, with our Cretaceous plants, 
great numbers of well marked Cretaceous animal fossils, and 
these have very properly outweighed the modern facies of our 
Cretaceous flora. But have we found in or with the plants, 
supposed by Mr. Lesquereux to form our Eocene flora, any 
satisfactory internal or external evidence of their Eocene age— 
that is, have we among them any unmistakable Eocene plants 
or associated with them any unmistakable Eocene mollusks or 
vertebrates? So far as regards the central and western portions 
of the continent, I should say we had not. Jn the plant-beds 
which I have regarded as Miocene, the whole aspect of the 
flora is that of the Miocene of Europe, and it contains a very 
considerable number of well marked Miocene species, and not 
one, so far as I know, which deserves to be called Eocene. The 
lignites and plant-beds of New Mexico which I have called 
Cretaceous, but which are referred by Mr. Lesquereux to 
the Tertiary, are for the most part derived from the lower 
eam of our Cretaceous series, and are overlaid by many 

undred feet of strata unquestionably Cretaceous, in which all 
the typical forms of Cretaceous animal life are abundantly 
represented. Whether the great lignite deposits of Colorado 
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should be considered Tertiary or Cretaceous, it is perhaps not 
yet possible to decide; but, in the absence of any distinctive 
or unmistakable Eocene plants, if the strata which contain 
them shall be found to include vertebrates or mollusks which 
have a decidedly Mesozoic character, we shall be compelled to 
include them in the Cretaceous system. Mr. Lesquereux has 
met the statements of Profs. Meek, Cope ani Marsh, that 
Cretaceous mollusks had been found in and overlying the 
Colorado lignite deposits, by pointing to his 250 species of 
fossil plants, claiming that they far outweigh the testimony of 
the animal remains. In fact, however, these fossil plants have 
very little bearing on the question. They are probably all 
distinct from European Cretaceous and Eocene species, and the 
genera to which they are supposed to belong afford only nega- 
tive evidence of the strata that contain them.* 

It is by no means insisted that we must find in America the 
plants of the European Eocene, before we can be said to have 
an Kocene flora, since, during the Kocene period, the physical 
geography of Europe was such as to give it a very different 
flora from any that ever grew on the North American continent. 
During the deposition of the Eocene strata, the great mountain 
. barrier which extends from the Bay of Biscay to the China 
sea—formed by the Pyrenees, Alps, Carpathians, Caucasus 
and Himalayas—existed, if at all, only in embryo. The Medi- 
terranean communicated with the Indian Ocean, the south 
shore of Europe was washed by a tropical sea, and the land 
was covered with a sub-tropical, Indo-Australian flora. When, 
however, the great mountain barrier, to which I have referred, 
was raised, these Austral influences were cut off, the climate of 
Europe was rendered temperate, and the surface was gradually 
covered with a temperate flora which, because it included a 
large number of American plants, Liriodendron, Liquidambar, 
Magnolia, &c., we may call the American flora. This was the 
flora of the Miocene, of which we have illustration in the 
fossil plants of Fort Union in Dacotah, Greenland, Iceland, 
Oeningen, &c. This flora seems to have possessed Europe up 
to the advent of the ice period. By the advancing cold, it was 
driven to the shores of the Mediterranean, and there extermi- 
nated. When the glaciers were withdrawn, and a milder cli- 
mate supervened, Asiatic plants seem to have come in and 
taken possession of the vacant territory. In our country, the 
history of our vegetation shows no such vicissitudes. From 
the close of the Triassic period to the present time, our conti- 
nent has apparently been occupied by plants which form an 

* It is an important fact, in this connection, that Lesquereux identifies a num- 


ber of the species of plants of the Lignite beds with Miocene species of Europe. 
See the last volume of this Journal, page 448.—Ebs. 
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unbroken succession. The north and south reach of our conti- 
nent has given to the flora a connected belt of territory extend- 
ing from Central America to the Arctic Sea, over which it 
could march and countermarch as impelled by alternations of 
temperature. We need not expect, therefore, to find here any 
such contrast between the flora of the Eocene and Miocene as 
is recorded in the Tertiary strata of Europe. Still we have 
reason to believe that, during the Eocene period, our climate 
was warmer than during the Miocene, and we may expect to 
find, in the two floras of the Tertiary, differences of degree if 
not of kind. In the fruits of the Brandon lignites, in the 
Palm (Calamops’s) and Cinnamon of the Mississippi Tertiaries, 
and in the palm (Manicaria) of the Green River beds, we have, 
perhaps, some indication of this elevation of temperature and 
some traces of an Eocene flora. Whatever plants are found 
with Zeuglodon cetoides, Cardita planicosta, Orbitoides Manielli, 
etc., etc., we must accept as Hocene, even should they have 
no intrinsic Eocene characteristic. Soin regard to our Cretace- 
ous flora. While it is altogether new, its varied character and 
modern aspect simply gives us a new revelation in regard to 
the vegetation of the Cretaceous world; for, while the fauna of 
that world contains Ammonites, Baculites, Inoceramus, &c., we . 
are forced to call it Cretaceous. It is not ¢mpossible that the 
physical conditions of our continent may have remained so 
constant that the Cretaceous age faded gradually into the Ter- 
tiary. It is not impossible, therefore, that we may find some 
Cretaceous forms of life interlocking with those of the Tertiary 
age, but truth requires us to say that, up to the present time, 
no such connecting links have been found. The lignites of New 
Mexico are covered with thousands of feet of sediments, some- 
times largely made up of the remains of all the typical Cretace- 
ous forms of life. Possibly in Colorado, beyond the reach of the 
Cretaceous sea, or where the land was exposed by the retreat of 
that sea, the Cretaceous flora may have grown on and on into 
the Tertiary; but as yet we have no evidence of this. Above 
the lignite beds, a break in the stratification and a conglomerate 
(Echo Cajion conglomerate) mark the beginning of a new era. 
Without asserting that this new era was the Tertiary, and the 
one which had gone before was the Cretaceous, I feel justified 
in saying that such will probably prove to be the case; or, at 
least, that no evidence has been yet found which disproves it. 

To whatever conclusion, in regard to the age of the plant 
beds of the west, the facts may lead, when they are all 
gathered in, that result will be cheerfully accepted by every 
right-minded man. It is important, however, for the true pro- 
gress of science, that no conclusion should be accepted until 
it is sustained by ample proof. 
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Art. XXXIX.— Brief Contributions to Zoilogy from the 
Museum of Yale College No. XXVIIL Results of recent 
Dredying Expeditions on the Coast of New England. No. 6; 
by A. E. VERRILL. 


[Continued from vol. vii, page 138.] 


By the codperation of Professor Benjamin Peirce, Superin- 
tendent of the U. S. Coast Survey, the steamer Bache was 
detailed, during the month of September, to continue the re- 
searches of the U.S. Fish Commission, in the deeper waters off 
the coast, between Mt. Desert, Maine, and Cape Cod. Dr. A. 
S. Packard and Mr. Caleb Cooke, of Salem, Mass., kindly vol- 
unteered to take charge of the dredging operations on the Bache, 
and made several very successful cruises, bringing back large 
collections of the Invertebrata of those waters, among which 
were many arctic forms that were previously unknown on the 
American coasts. Their collections are particularly rich in 
those species that inhabit the muddy bottoms that prevail 
almost everywhere over the deeper parts of the Gulf of Maine, 
in 50 to 150 fathoms. They also obtained a large collection, of 
great interest, on the hard bottom, near Cashe’s Ledge, in 52 to 
90 fathoms. At this place many of the most interesting addi- 
tions to the American fauna were obtained. Among these 


were several living specimens of Anachis Haliceti (Jeffreys, as 
Columbella), Archaster Parelii, Antedon Sarsii, many fine 
Sponges, etc. Their dredgings may be conveniently grouped 
as follows: 


1. Muddy Bottoms. 


a.—A series from the muddy bottoms off the coast of Maine, 
from south of Manheigan Island to nearly south of Mt. Desert, 
including Jeffrey’s Bank and its vicinity, and extending 60 
to 65 miles from the coast-line, and covering a region of about 
50 miles east and west, in depths ranging from 52 to 118 
fathoms. In the following table the dredgings numbered 1 to 
18, 22, 23, belong to this region. 

b.—Several dredgings made on muddy bottoms in the deep 
waters near Jeffrey's Ledge, both on the east and west sides of 
it. (See numbers 20, 24, 242.) 

c.—T'wo collections of much interest obtained from the deep- 
est waters off the mouth of Massachusetts Bay, 20 to 24 miles 
northeast from the extremity of Cape Cod, in 117 and 142 
fathoms, soft mud. (See numbers 36 and 37.) 

d.—Two dredgings made in the central parts of Massachu 
setts Bay, on muddy bottoms, in 50 and 46 fathoms. 
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2. Hard Bottoms. 


a.—A large collection from 52 to 90 fathoms, near Cashe’s 
Ledge, situated about 90 miles south from the mouth of the 
Penobscot River. (Number 21.) 

6.—Several lots from Jeffrey’s Ledge, 6 to 14 miles northeast 
from Cape Ann, in 24-33 fathoms. (Numbers 27-29.) 

c.—A large collection from Stellwagen’s Bank, situated in 
Massachusetts Bay, north of Cape Cod, in 22 to 44 fathoms. 
(Numbers 32-35.) 


38. Inshore, mixed bottoms. 


a.—A small collection made, in 6 fathoms, inside of Baker’s 
Island, Salem Harbor. (Number 26.) 

b.—Another from 29 fathoms, off Marblehead. (Number 25.) 

The temperatures of the water were taken at most of the 
localities examined. For the bottom temperatures two Miller- 
Cassella thermometers were usually employed simultaneously, 
and the readings of both are generally given in the following 
table. The great variations frequently observed in using these 
instruments is certainly very unsatisfactory, and tends to throw 
doubt upon all the deep-sea temperatures that have been taken 
by them, both in this country and by the English expedi- 
tions.* It is greatly to be regretted that some more reliable 
instrument cannot be obtained. 


Fauna of the Muddy Bottoms. 


The collections dredged from the muddy bottoms examined 
during these cruises show a fauna essentially identical with 
that described in the previous papers of this series as obtained 
in 1872 by Messrs. Packard and Cooke, from muddy bottoms 
in 85 to 150 fathoms, near St. George’s Bank, and likewise in 
the Gulf of Maine; and also with those dredged during the 
past season by our own party, off Casco Bay, from similar 
depths. The same fauna was also met with by our parties in 
the deeper parts of the Bay of Fundy, in 1868, 1870 and 1872; 
and also in the Gulf of St Lawrence by Mr. Whiteaves. 
Nevertheless, each different region explored presents some 
peculiarities, or at least affords species that have not yet been 
found in the other localities. Thus, during the past season 
neither of our parties have met with Pennatula, Virgularia, 
Ringicula nitida, Pleurotomella Packardii, Solaster furcifer, or 
several other interesting species obtained in 1872, from similar 
localities and depths. But on the other hand many equally 
interesting species have occurred this year that were not found 

* We have observed not only that the different thermometers will often not 
agree within several degrees when used together, but the same instrument will 


not show the same amount of variation at different times, even under identical 
circumstances, when compared with a standard instrument. 
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before, and others that were previously rare have been found in 
abundance. 

Among the most interesting Crustacea dredged on the mudd 

bottoms by Dr. Packard, at localities 36 and 87, are two speci- 
mens of a singular crab belonging to the genus Geryon, and 
allied to G. tridens, from the deep waters of northern Europe. 
Our species had been known before only by specimens taken 
from the stomachs of the fishes caught in deep water, off the 
coast of Maine. The large shrimp (Pandalus borealis) was 
dredged by Dr. P. in 114 fathoms (loc. 24), and by our party in 
50 to 68 fathoms, off Casco Bay. A species of blind shrimp 
(Pseudomma) was dredged in 105 fathoms (loc. This 
genus was before unknown on our coast, though Mr. Whiteaves 
dredged a species during the past season in the Gulf of St. 
Lawrence. pimeria cornigera and Stegocephalus ampulla are 
rare arctic amphipods ; and the former was previously unknown 
on our coast. The curious little barnacle, 
Scalpellum Stroémi Sars,* had been dredged 
previously on our coast only by Mr. Smith in 
1872, in 480 fathoms, off St. George’s Bank, 
but Dr. Packard found a number of good speci- 
mens adhering to hydroids, etc., in 52 to 70 
fathoms, near Cashe’s Ledge (loc. 21), and also 
in 142 fathoms (loc. 86). This species likewise 
occurs only in deep water on the northern coasts 
of Europe. 

Among the Annelids of special interest are 
Nychia Amoudseni Malmgren, dredged in 106 
fathoms (loc. 18); and Leanira tetragona Malm., 
from 107 fathoms (loc. 9); both new to the 
American side of the Atlantic; Grymea spiralis V.+ (fig. 1, 
and plate v, fig. 4) and Hnipo gracilis V.f (plate v1, fig. 4) are 

* Dr. G. O. Sars has kindly compared a drawing of this species, sent by Mr. 
Smith, with European specimens, and states that they agree perfectly. 

+ Grymea spiralis Verrill, sp. nov. (fig. 1, and plate v, fig 4.) 

Body long and slender, spirally coiled, composed of over 150) segments, of which 
about 120 bear fascicles of slender setze. Branchiz long filiform, two or three times 
the diameter of body, arising in three clusters on each side, easily detached and 
often partially absent. Setee on the first six or seven segments a little longer than 
the following ones. General color dark red. Tube (fig. 1) composed of firmly 
cemented mud and sand, coiled in a double spiral, the two halves revolving in 
opposite directions. 

Off Casco Bay, in 90 fathoms, mud; off Grand Menan I., 60 fathoms; Jeffrey's 
Bank, 80 fathoms. 
¢ Enipo gracilis Verrill, sp. nov. (plate v1, fig. 4.) 

Body long and slender, quite narrow, the anterior part of the back only partially 
covered by small oval, smooth, translucent scales. Head rather elongated, taper- 
ing; eyes four, conspicuous. Setze of the lower rami stout, with the terminal 
portion broad, short cuspidate, and armed with oblique rows of strong, sharp, 
ascending unequal spines; tips naked, acute, mostly curved. 

Casco Bay, 15 to 20 fathoms; Jeffrey’s Bank, 80 fathoms. 

Am. Jour. Vou. VII, No. 40.—Aprin, 1874, 
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two new species, both from 80 fathoms (loc. 16), and also from 
Casco Bay. The Nothria opalina V. (plate Iv, fig. 1) was very 
abundant on nearly all the soft muddy bottoms, from 50 to 
142 fathoms; Ninoé nigripes V. (plate rv, fig. 3), Lumbriconereis 
fragilis (plate Iv, fig. 2), Pista cristata (plate v, fig. 3), and 
Cheetoderma nitidulum, were frequently met with. 


Temperature. 


| | Sur- 
| Air. Bottom. 


oth in 
10ms 


Locality. Latitude.| Long. of 
ottom. 


De 
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Off Manheigan Island, - - |. Soft gray mud,} 58°F.) 55° \42 & 44 
7m.8.W. from Manheigan I. 143 Soft mud,--.- 58 5 
8 m. S. from Manheigan I.,|43 Mud and sand, 
13 m. S.E. by S. from Man- i mud | 


55 
54 


55 /43°5 & 45°5 
54/43 & 44 


| 
| 
heigan Island, 43 & sand,- 160 
17m.8.E. from ManheiganI./43 59|Brown mud, . 60 | 
15 m.8.E. from ManheiganI./43 
15 m.S.E. from Manheigan I. 43 
18 m. S.E. by 8. from Mati- | 
nicus Rock - 68 — & gravel, 
23 m. §.E. from Matinicus | {Sticky br’n, 
Rock, 68 24/2 mud,...§ 39°5 & 39°5 
22 m. S.E. by S. from Mati- | 
nicus Rock, 3 27|Soft br. mud, - 
Jeffrey’s Bank, 33|Brown mud, - 
“ (6 38 30) “ “ 
68 40) * 
68 44) 
from Jeffrey’s Bank,.|/43 15 5/68 54/Brown mud) 
with gravel,| 
S.W. from Jeffrey’s Bank, l43 5/69 06/Brown mud, 
15 m. 8.E. from Boon Island| | 
Light, 70 10|Mud, 
Cashe’s Ledge, 9 |68 50) Rocky, 
56 m. E. of Cape Ann,..../42 52 |69 23/Blue mud,_.. 
47 m. E. of Cape Ann, . .../ 42 69 35|Mud, 
E. of Jeffrey’s Ledge, 56 
6 m. farther west,.... ..-- 
34 m. S.E. from Half-way! 


Salem Harbor, 
Jeffrey’s Ledge, 6 miles east| 
of Thatcher’s Island Light,| - Gravel & st’s, 
8 m. EK. by N. of Thatcher’s| 
Island Light, 
14 m. N.E. by E. 2 E. from| 
Thatcher’s Island Light, -| 54 [46 & 49 
Massachusetts Bay, 142 26 (70 35\Soft mud,_.-} 5 5 42 & 45 
219 29) Mud, 162 & 44 
219 23) |Hard, 34 48°5 & 50°5 
20 |70 22 48°5 & 50°5 
222 (70 11|Sand, + & 44 
208 ‘70 15) * 3¢ 5$ 57 148 & 50 
20 m. E. from Cape Race,..|/42 18 69 49/Soft blue mud, 142 [6 58 |39 & 42 
Off Massachusetts Bay,....'42 20 70 ool 
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Among the Mollusks are several very interesting species, 
some of them new to the fauna of our coast; Anachis Haliceeti 
(Jeff. sp.) occurred in 114 fathoms (loc. 24), but was found in 
greater numbers on Cashe’s Ledge (loc. 21), where several fine 
specimens were dredged ; Siphonodentalium vitreum occurred 
sparingly at several localities in 60 to 107 fathoms ; Lasewa rubra 
was only once met with (loc. 36), in 142 fathoms; Crenella 
decussata was less frequent than in our dredgings off Casco 
Bay ; Dacrydium vitreum occurred sparingly several times in 60 
to 142 fathoms (loc. 12, 9, 36), and also in our dredgings off 
Casco Bay, in 95 fathoms. ‘These five shells are all new addi- 
tions made this season to the fauna of the United States, and the 
Anachis and Lasea have not been found previously on this side 
of the Atlantic, so far as known to me: the others have recently 
been dredged in the Gulf of St. Lawrence by Mr. Whiteaves. 

Among the Tunicates were several fine specimens of Glan- 

dula jibrosa Stimpson, and also an apparently undescribed 
species of Ascidia* 
(tig. 2), remarkable 
for its soft and 
rather flabby in- 
tegument. Both 
these species oc- 
curred also in our 
dredgings off Casco 
Bay ; the latter in 
great abundance in 
several localities, 
attached to scat- 
tered boulders. 

Among the Ech- 
inoderms there are 
several interesting 
Holothurians : the 
rare Stereodermua unisemita occurred in 142 fathoms (loc. 386) ; 
several large specimens of Molpadia odlitica were obtained in 
95 fathoms (loc. 20); and one specimen of Oligotrochus vitreus: 
Sars occurred in 60 and 105 fathoms (loc. 12 and 138). The 
last named species had been known before only from the deep 


* Ascidia mollis Verrill, sp. nov. Figure 1. 

Body large, hemispherical or subglobular, attached obliquely by the left side; 
integument rather thin, soft, and somewhat translucent, with the surface nearly 
smooth, but more or less wrinkled. Color, pale olive-green. Branchial aperture 
near one end, large, slightly elevated, surrounded by eight obtusely rounded lobes ; 
anal orifice placed to one side of the middle of the body, little elevated, relatively 
small, rounded in ordinary expansion. Diameter of body usually one to two 
inches. 

Common in 48 to 107 fathoms, attached to boulders in many localities off Casco- 
Bay, off Manheigan I., at Jeffrey’s Bank, Cashe’s Ledge, etc. 
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waters off the Norwegian coast. It is remarkable for the beautiful 
and complex wheel-shaped plates scattered in its integument. 

Schizaster fragilis was dredged at various localities, and is a 
common and characteristic species of these muddy bottoms; 
Archaster arcticus did not occur this season on the muddy bot- 
toms, but several good specimens were obtained in 52 to 90 
fathoms, on hard bottoms, near Cashe’s Ledge (loc. 21), in com- 
pany with A. Parelii, Mippasteria phrygiana, and other interest- 
ing species. Ctenodiscus crispatus was everywhere abundant. 
Several large and fine specimens of a peculiar Ophiuran, new 
to the American coast, were dredged in 142 and 117 fathoms 
(loc. 36 and 87). It agrees well with Amphiura Otter’ Ljungman, 
which was dredged in 550 fathoms off the coast of Portugal by 
the Josephine Expedition. The Ophioscolex glacialis, from loc. 
10, and Amphipholis tenuispina, from 105 fathoms (loc. 13), are 
other additions to our fauna. The former was also dredged 
in the Gulf of St. Lawrence last summer by Mr. Whiteaves. 
The Aniedon Sarsii is a handsome comatula, new to the Ameri- 
can coast. It was obtained at localities 6 and 21. One speci- 
men of acup-coral, apparently identical with Deltocyathus Agas- 
- sizit Pourtales, previously known only from the deep water off 
Florida, was dredged in 142 fathoms (loc. 36). The Ulocyathus 
arcticus Sars was dredged in 150 fathoms, near St. George’s 
Bank, by Dr. Packard, in 1872. These two species are the only 
stony corals yet found on the northern coast of New England ; 
but a third species, a true Flabellum, of large size, has been 
dredged in the deeper part of the Gulf of St. Lawrence by Mr. 
Whiteaves. 

Numerous interesting sponges occurred, which have not been 
identified. The curious Hyalonema longissimum G. O. Sars was 
dredged both by Dr. Packard and myself at several localities 
and in considerable numbers. With it an allied species often 
occurred, consisting of small irregular, elongated, fusiform, com- 
pact, white sponge-masses, connected by capillary stolon-like 
stems, made up of slender spicules twisted together. This 
species creeps over the bottom, but does not stand erect, like 
the former. 


List of Species from the Gulf of Maine, inhabiting muddy bot- 
toms, in 60 to 150 fathoms. 

In the following list the species with an asterisk (*) prefixed 
belong more properly to the hard bottoms, but occur more or 
less frequently on the muddy bottoms, adhering to scattered 
stones, or among broken shells. Those with a dagger (+) were 
not obtained by Dr. Packard this season, but were mostly dredged 
in 1872, in the mouth of the Bay of Fundy, or near St. George’s 
Bank ; or else off Casco Bay during the past season. 
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The figures affixed to the names give, in fathoms, the greatest 


depths at which the species have been dredged on the New 


England Coast. 


ARTICULATA. 
Pycnogonida. 


Nymphon giganteum, 82. . | 


*N. grossipes (?), 65. 


Crustacea. 


Geryon, sp., 142. 
[Chtonocestes, sp. 

Hyas araneus, 72. 
*H. coarctatus, 150. 
*Eupagurus pubescens, 150. 
*E. Kroyeri, 430. 
*E. Bernhardus, 150. 
*Hippolyte spina, 72. 
*H. Fabricii, 64. 
Pandalus borealis, 68, 114. 
*P. annulicornis, 430. 
+Sabinea septemcarinata, 68. 
+Caridion Gordoni, 52, 110. 
Thysanopoda, large sp., 142, 430. 
T. neglecta?, 105. 
Pseudomma, sp., 105. 
Mysis, sp., 68. 
Diastylis quadrispinosa, 68. 
+Praniza cerina, 68. 


Asellodes alta, 90. 

psora, 150. 

¢Conilera polita, 150. 

Anthura brachiata, 110. 
*Paramphithoé pulchella, 142. 
Harpina fusiformis, 110. 
Stegocephalus ampulla, 72, 110. 
Epimeria cornigera, 106. 
*Melita dentata, 430. 

Melita, sp. 

Haploops, sp., 105, 114. 
Ampelisca, sp., 142. 
Ptilocheirus piuguis, 150. 
*Unciola irrorata, 430. 
+Dulichia, sp., 60. 

*Caprella, sp. with spines, 142. 
*Scalpellum Stroémi Sars, 90, 142, 430. 
*Balanus porcatus, 150. 


Annelida. 


Aphrodita aculeata, 72, 90. 
Letmonice filicornis ?, 150. 
*Kunoa (rstedii, 72. 
*Harmothoé imbricata, 64. 
Nychia Amondseni, 106. 
+Antinoé Sarsii, 110. 
Enipo gracilis V., 80. 
+Pholoé minuta, 68. 
Leanira tetragona, 107. 
Nephthys ingens, 142. 
N. ciliata, 114. 
Phyllodoce, sp., 110. 
*P, Groenlandica, 90. 
Eteone depressa, 110. 
*Nereis pelagica, 142. 
Nereis, sp. 68. 
[Gattiols, sp. 68, 90. 
Leodice vivida, 430. 
Nothria opalina, 150. 
*N. conchylega, 430. 
Ninoé nigripes, 114. 
Lumbriconereis fragilis, 430. 
Goniada maculata, 150. 
Rhynchobolus albus, 110. 
Eumenia crassa, 110. 
calibregma inflatum, 150. 
*Travisia, sp., 95, 106. 
Brada, sp., 90. 
Tecturella flaccida, 90. 


Trophonia aspera, 150. 


Ophelia, sp., 107. 
Ammotrypane fimbriata, 114. 

Sternaspis fossor, 142. 
+Scolecolepis cirrata, 150. 
+Anthostoma acutum V., 64. 
Cheetozone setosa, 106. 
+* Dodecacerea concharum, 90. 
Maldane Sarsii, 150 
Praxilla gracilis, 114. 

P. preetermissa, 114. 

*Nicomache lumbricalis, 110. 
Ammochares, sp., 142. 
+Notomastus latericeus, 110. 
Arenia, sp. in capillary tubes, 117. 
*Cistenides granulatus, 90. 

Ampharete gracilis, 106. 

+A. Finmarchica, 110. 

Amphicteis Gunneri, 110. 

Amage auricula, 150. 

Samytha sexcirrata, 110. 

Melinna cristata, 150. 

+Samythella elongata V., 110. 

Terebellides Stroémi, 142. 

Pista cristata, 150. 

Grymea spiralis V., 95. 

*Thelepus cincinnatus, 142. 

*A mphitrite cirrata, 95. 

+A. Johnstoni, 64. 

+A. Groenlandica, 68. 

Polycirrus, sp., 110. 
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*Potamilla oculifera, 90. ! 
Sabella zonalis, 107. 

Chone, sp., 95. 

Euchone, sp., 106. 

Myxicola Steenstrupii, 72. 


*Protula media, 90. 

*Vermilia serrula, 106. 
*Spirorbis lucidus, 114. 
¢Ichthyobdella, (on Raia levis) 68. 


Gephyrea. 


P. cementarium, 430. 


*Phascolosoma boreale (?), 64, 90. | 
P. tubicola, 110. 


Priapulus, sp., 60. 
Cheetoderma nitidulum, 110. 
+Thalassema, sp., 90. 


Turbellaria. 


Nemertes affinis, 110. 
Meckelia lurida V., 110. 


+Macronemertes gigantea V., 68. 
+Ophionemertes agilis V., 90. 


MOLLUSCA, 


Cephalopoda. 


fOctopus Bairdii V., 106. 


Gastropoda. 


¢Pleurotomella Packardii V., 110. 
Bela decussata, 64. 

B. cancellata, 430. 

B. pleurotomaria, 107. 

B. turricula, 117. 

Admete viridula, 150. 
Neptunea curta, 68. 

N. decemcostata, 107. 
Neptunella pygmza, 430. 
Buccinum undatum, 52. 
*Anachis Halizeti, 114. 
+Ringicula nitida V., 110, 150. 
Natica clausa, 430. 

Lunatia Groenlandica, 430. 
L. immaculata, 430. 
*Torellia vestita, 90, 150. 
*Trichotropis borealis, 80. 
*Velutina zonata, 150. 

*V. levigata, 110. 
Aporrhais occidentalis, 150. 
Turritella erosa, 106. 


Scalaria Groenlandica, 85. 
Rissoa exarata, 95. 

*Margarita obscura, 430. 

*M. cinerea, 150. 

*Calliostoma occidentale, 82. 
*Diadora noachina, 430. 
*Lepeta ceeca, 110. 

Scaphander puncto-striata, 150. 
Cylichna alba, 150. 

Utriculus pertenuis, 114. 
Philine quadrata, 110. 

P. lineolata, 64. 

*Doris planulata, 142. 
*Trachydermon albus, 150. 
+Stimpsoniella Emersonii, 60. 
+*Hanleia mendicaria, 80. 
Dentalium occidentale, 150. 
Entalis striolata, 150. 

+E. agilis ?, 95. 
Siphonodentalium vitreum, 107. 


Lamellibranchiuta. 


¢*Zirphza crispata, 80. 
Mya arenaria (young), 64. 
Nevera arctica, 150. 

N. pellucida, 142. 
*Saxicava arctica, 114. 
Panopeea Norvegica, 114, 118. 
Thracia myopsis, 150. 

T. truncata. 

Periploma papyracea, 109. 
Macoma sabulosa, 142. 
Cyprina Islandica, 72. 
Cardium pinnulatum, 150. 
C. Islandicum, 117. 
Cryptodon Gouldii, 110. 

C. obesus, 430. 

Lucina filosa, 142. 

Lasea rubra, 142. 

Astarte lens, 430. 


A. undata, 117. 
A. quadrans, 150. 


Cyclocardia borealis, 107. 
C. Novanglie, 90. 

Nucula tenuis, 142. 

N. proxima, 60. 

N. delphinodonta, 68. 
Leda tenuisulcata, 150. 
Yoldia obesa, 150. 

Y. thraciformis, 142. 

Y. sapotilla, 117. 

*Arca pectunculoides, 150. 
*Modiolaria nigra, 107. 
*M. discors, 90. 

M. corrugata, 105. 
Crenella glandula, 110. 

C. decussata, 60. 
Dacrydium vitreum, 95, 107, 142. 
*Pecten Islandicus, 114. 
+P. pustulosus, 430. 

*P. tenuicostatus, 110. 
*Anomia aculeata, 150. 
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Tunicata. 


*Ascidia mollis V., 107. 
*Ascidiopsis complanatus, 110. 
*Ciona tenella, 64. 

Molgula pannosa. 

*M. retortiformis, 68. 

Eugyra pilularis, 105, 114. 
Glandula fibrosa, 95, 106. 


*G. arenicola, 150. 
*Cynthia echinata, 64, 80. 
*C. carnea, 64, 80. 
*Botryllus, sp., 64. 
*A mareecium glabrum, 64, 
*Leptoclinum albidum, 72. 


Brachiopoda. 


*Terebratulina septentrionalis, 150. 


Polyzoa. 


*Crisia eburnea, 117. 

*Hornera lichenoides, 150. 
*4Discoporella verrucaria, 150. 
*7dmonea pruinosa, 118. 
*Discofascigera lucernaria, 110. 
*Fjustra solida St., 64. 
*Membranipora pilosa, 64. 
Gemellaria loricata, 142. 
*Cellularia ternata, 150. 

*C, scabra, 95. 


C. Peachii (?), 150. 

Bugula, soft sp., 95, 430. 

*B. fastigiata, 150. 

Bugula Murrayana, 430. 
Caberea Ellisii, 150. 
*+Anarthropora borealis, 150. 
*Cellepora scabra, 150. 

*C. ramulosa, var., 159. 
*+Alcyonidium, sp., 64. 


RADIATA. 
Echinodermata. 


*+Lophothuria Fabricii, 110. 
*Psolus phantapus, 72. 
*Pentacta assimilis, 95, 430. 
Thyone scabra V., 110, 150. 
Stereoderma unisemita, 142. 
*+Thyonidium productum, 80. 
Molpadia odlitica, 95. 
Oligotrochus vitreus, 105. 
Schizaster fragilis, 430. 
*FEchinarachnius parma, 430. 
*Strongylocentrotus Drébachiensis,430 
*Leptasterias compta, 90. 
tenera, 65, 142. 
+Solaster furcifer, 150. 
*Cribrella sanguinolenta, 90. 


*Hippasteria phrygiana, 60, 90. 
*+Archaster arcticus, 90, 150. 
Ctenodiscus crispatus, 114. 
Ophioglypha Sarsii, 430. 
O. robusta, 118. 
O. affinis, 105, 118, 150. 
Amphiura Otteri, 117, 142. 
*A mphipholis elegans, 105. 
A. tenuispina, 105. 
*Ophiopholis aculeata, 104. 
Ophiacantha spinulosa, 150. 
Ophioscolex glacialis, 104. 
Agassizii, 90. 
Antedon Sarsii, 82. 


Acalephe. 


+*Campanularia verticillata, 430. 
+*Calycella producta G. O. Sars, 430. 

C. plicatilis (Sars sp.), 97. 

*Sertularia cupressina, 150. 
*Sertularella polyzonias, robust var., 142. 
+*S. geniculata Hincks, 430. 


*S. tricuspidata, 430. 
*Lafoéa gracillima, 430. 
+*Halecium robustum V., 430 
*Eudendrium ramosum, 430. 
*Tubularia indivisa, 430. 
Corymorpha pendula, 95. 


Anthozoa. 


+Virgularia Lyungmanii, 150. 
+Pennatula aculeata, 110, 150. 
+*Cornulariella modesta V., 106. 
*Urticina nodosa (Fab. sp.), 430. 
*U. crassicornis, 430. 

*Bolocera Tuediz, 150. 
Edwardsia farinacea V., 95. 


E. sipunculoides, 106. 
+Ilyanthus levis V., 60. 
Cerianthus borealis V., 150. 
+*Epizoanthus Americanus, 430. 
Deltocyathus Agassizii, 142. 
+Ulocyathus arcticus, 150. 


Spongie. 


Hyalonema longissimum, 95. 
*Polymastia. sp., 117. 


*+Phakerellia ventilabrum, 68. 
*Reniera, soft sp., etc. 
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EXPLANATION OF PLATES. 


Plate 1v.—Figure 1, Nothria opalina V.; head and anterior part of body. 
Figure 2, Luwmbriconereis fragilis; head and anterior part of body. 
Figure 3, Ninoé nigripes V.; one of the appendages from the middle 
part of body. 
Figure 4, Nephthys ciliata; one of the appendages. 
Figure 5, Phyllodoce catenula V.; head, anterior part of body, and 
proboscis. 
Figure 6, Stephanosyllis picta V.; head, anterior part of body, and 
caudal segments. 
Plate v.—Figure 1, Procerea gracilis V.; head and anterior part of body. 
Figure 2, Hulalia pistacia V.; anterior and posterior portions. 
Figure 3, Pista cristata M.; head and anterior part of body. 
Figure 4, Grymea spiralis V.; head and anterior part of body. 
All the figures were drawn from nature by Mr. J. H. Emerton, except fig. 4, 
plate Iv, which was copied from Ehlers ; all are much enlarged. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHYysICcs. 


1. On the Variations of Chemical Activity in the Solar Spec- 
trum and on an Apparatus for their measurement.—In his spec- 
tro-photographic researches, Vocret has sought to determine, not 
only the absorbing action of various colored media, but also the 
chemical action exerted by the sun-spectrum upon pure silver bro- 
mide. Finding it impossible to get correspondent results, even 
under apparently identical conditions, he was at first led to attri- 
bute the variations to differences of delicacy in the plates 
employed. Sometimes the action extended more into the violet 
or ultra-violet, sometimes more into the yellow and red. Exact 
experiments with different plates, exposed at the same time in a 
camera having two similar objectives, proved these variations in 
delicacy to be insignificant in comparison with the results; and 
hence proved that changes took place in the relative intensity of 
the spectrum colors themselves. Now it is well-known that, as the 
sun nears the horizon, the luminous intensity of the violet dimin- 
ishes much more rapidly than that of the red. Bunsen and Roscoe 
have proved that the chemical activity of the spectrum rays also 
varies, since these are absorbed differently by the atmosphere at 
different periods of the day. But precisely what these variations 
are throughout the whole spectrum, it has been reserved for the 
silver-bromide plate to show. Vogel gives the results of his 
experiments in a table in which the day (and time of day), the 
sun’s height, the time of exposure and the state of the barometer 
and psychrometer, are given. On the 7th of October, at 2 P. m. 
the photographic activity of the spectrum extended from a point 
midway between C and D to considerably beyond H. On the 
17th, at 2.30, it reached from a point short of D to a point nearly 
to H’. On the 18th, from a point midway between C and D, toa 
point considerably short of H. On the 29th, from beyond B toa 
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oint two-thirds of the distance from G to H. And on the 30th 
its extent was about the same as on the 7th. On these days the 
sun’s altitude at the time of exposure varied from 20° to 26° only ; 
the time of exposure from 7’ to 10’; the barometric height from 
335 to 339 lines; and the vapor-tension 2 to 5 lines. On Dee. 7th 
an observation with the sun 15° high at 11h. 164m. a. m., showed 
the spectrum to reach less far into the red and farther into the 
violet than a second observation at 2h. 34m. P. m., with the sun 
11° 14’ high; though the former of these two spectra extended 
nearly as far into the violet as the spectrum of the 7th of October 
when the sun was 26° high. In general, when the action increases 
toward the violet, it decreases toward the red, and vice versa. 
As to the cause of the action, Vogel considers the observations 
yet too incomplete to lead to any conclusions, though from the 
rapidity with which they occur, he thinks they cannot have their 
origin in the sun. He calls attention to the want of sensitiveness 
of silver-bromide for the violet rays, and says the limits given are 
those for which silver-bromide is sensitive. By using a wedge like 
slit to form the spectrum, and exposing to this spectrum a silver- 
bromide plate, the horizontal extension of the image will indicate 
the activity of the red and violet; while the vertical extent of 
the action will be directly proportional to the intensity of the 
various colors, The author promises some results with such an 
apparatus.— Ber. Berl. Chem. Ges., vii, 88, Feb., 1874. G. F. B. 

2. On Plateaw’s Glyceric liquid, and some new Film experiments 
therewith.—The difficulty of preparing Plateau’s glyceric liquid 
by either of the methods given by Plateau himself, has led M. 
TERQUEM to propose a method founded on the solubility of the 
oleates in alcohol. Finely divided Marseilles soap is thoroughly 
dried and placed in a flask with 80 per cent alcohol (sp. gr. 0°865), 
which is allowed to act upon it cold. A mixture of glycerin and 
water is then made of such strength that it has a density of 1°35 at 
20° (17°*1 B.), and heated to the temperature of boiling water to 
destroy the germs and spores it may contain. To 100 c.c. of the 
diluted glycerin, 25 c.c. of the alcoholic soap solution is added, and 
the whole is heated till its boiling point rises above 100°, to drive 
off the alcohol. After cooling it is poured into a graduated cylinder, 
and its volume brought to 100 cc. by the addition of distilled 
water. It is filtered through a plug of cotton placed in the fun- 
nel. With the clear liquid thus made, a bubble a decimeter in 
diameter placed on a tripod will remain, if covered with a bell jar, 
more than an hour.* For illustrating the colors of thin films, a 
copper ring—made of wire 5 mm. thick--fifteen centimeters in 
diameter is used, which is mounted vertically on a stand and can 
be covered with a bell-glass. A portion of the liquid being poured 
into a plate, the ring is laid flat upon its surface, and on removal 
a film of the liquid will adhere to it. Covering the ring with a 

* A liquid easier to prepare, but not giving as thin films, is made as follows: 
1 gram dry Marseilles soap is dissolved in 100 grams warm water; this is filtered, 
and to every 100 c.c. of the solution, 40 grams white sugar is added. Bubbles 
made with this liquid will last several hours. 
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gutta-percha varnish facilitates this adherence. On throwing dif- 
fuse light on the film and viewing it at an angle of 45°, beautiful 
bands of color are observed, first of a high order, then successively 
lower, until in one-half or three- -quarters of an hour it gives the 
uniform yellow of the first order. Then a segment completely 
black appears, and shortly after the film breaks By refraction 
the colors are quite as-brilliant, but of course are ‘complementary. 
Both sets may be projected on a screen at once; the transmitted 
colors, by focussing the inclined film, illuminated with a beam of 
sunlight, directly on the screen by means of an achromatic lens; 
the reflected colors, by receiving the reflected beam from the film 
on an achromatic lens in the principal focus of which is a plane 
mirror reflecting the image on to the same screen. ‘The colors are 
as brilliant as those given by selenite films in polarized light. By 
allowing the sunlight to enter through a slit, which is in one con- 
jugate focus of a lens having the film in the other, and placing a 
prism close behind the lens so as to throw a spectrum upon this 
film at a small angle with its surface, the light reflected from this 
surface being brought to a focus on the screen by means of a lens, 
the image appears curiously furrowed with inclined black bands. 
By simply turning a prism so as to illuminate the film with light 
of different colors, these black bands will be seen to approach or 
recede from each other according as the red or the violet end of 
the spectrum falls on the film. By reflecting the solar light from 
the slit directly on to the lens, then allowing it to pass through a 
prism and to be reflected on to the screen by a plane mirror, the 
spectrum of the reflected beam is obtained, showing inclined dark 
bands across its breadth.—J. de Physique, ii, 409, Dec., 1873. 
G. F. 

3. On the Preparation of Nitric Oxide, N,O,;.—BrERTHELOT 
has recently published an improved process ‘for * obtaining readily 
this oxide. He proceeds as follows: monohydrated nitric acid, 
cooled by a freezing mixture, is mixed with pulverulent phosphoric 
oxide in small portions at a time, taking care to avoid any eleva- 
tion of temperature. The temperature of the mass should never 
exceed 0°. When a little more than its weight of phosphoric 
oxide has been added to the nitric acid, the mass becomes of the 
consistence of a jelly. It is then placed in a roomy tubulated 
retort, and distilled with extreme slowness. The products are 
condensed in receivers with ground stoppers, immersed in ice. In 
this way large brilliant colorless crystals of nitric oxide (N,O 5) 
are obtained, which are perfectly pure. From 150 grams of nitric 
acid, nearly 80 grams of the crystals were obtained. This sub- 
stance is non-explosive, either as a solid or in vapor. It decom- 
poses, however, very easily, and this at the ordinary temperature, 
as Deville has observed, into nitrogen tetroxide and oxygen. It 
should not be preserved in hermetically sealed vessels. It keeps 
well in good glass stoppered bottles placed under a bell-glass with 
sulphuric acid. In the air the crystals evaporate slowly, evolving 
abundant vapors, but not liquefying. Hence they can be weighed 
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without difficulty. Light accelerates its decomposition; as does 
also heat, though even at 43° it is not very rapid. This change 
into nitrogen tetroxide and oxide is endothermic, and is not re- 
versible.— Bull. Soc. Ch., Il, xx, 53, Jan., 1874. G. F. B. 

4. On Ammonium nitrite.—This salt is rarely seen in the dry 
form, and hence has been but little studied. Brrruetort, having 
occasion to prepare it for his thermochemical researches, gives the 
following account of it: It was prepared by decomposing pure 
barium nitrite by ammonium sulphate in exactly equivalent pro- 
portions, in the cold. The filtered liquid was evaporated in vacuo, 
over caustic lime, at ordinary temperatures. The operation lasted 
several weeks, and, owing to decomposition even then, the yield 
was only 30 to 40 per cent of that required by theory. It is 
necessary to evaporate to complete dryness, and to preserve the 
solid salt in vacuo, over caustic lime. The mass is white, crys- 
talline, somewhat elastic and tenacious, so that it may be moulded 
Wetween the fingers, and adheres to the walls of the containing 
vessel. It is perfectly neutral and corresponds to the formula 
(NH,)NO,. It is very deliquescent. At the ordinary winter 
temperature, it decomposes very slowly ; at that of summer, more 
rapidly. Heated to 60° or 70° on the water-bath, it detonates 
violently after a few seconds. It detonates also by a blow from a 
hammer. Its decomposition disengages almost as much heat as 
nitroglycerin; hence its activity. It cannot be kept in sealed 
tubes, because they soon explode from the pressure of the gases 
generated. It is best kept as above. Aqueous concentrated solu- 
tions decompose more rapidly than the dry salt, in the cold; so 
that when agitated they evolve gas like champagne. Ammonium 
nitrite may be formed synthetically by mixing together nitrogen 
dioxide, ammonia and oxygen. ‘The solid nitrite condenses on 
the walls of the tube in crystalline masses apparently cubical in 
form ; and this is an instructive lecture experiment.— Bull. Soc. Ch., 
Il, xx, 55, Jan., 1874. G. ¥F. B. 

5. Mechanical Equivalent of Heat.—H. Serrano Y. Fati- 
Gatt has for the first time determined the relation which subsists 
between the work expended to turn the disk of a Ramsden elec- 
trical machine and the electro-static decompositions produced. 
The following are, in brief, the processes employed, and the re 
sults attained. 

To turn the disk and measure the work, he wound round the 
handle of the disk of a Ramsden machine two strings passing over 
two pulleys, and carrying each a weight at its extremity—the 
one of 17 kilograms, and the other of 22. These weights de- 
scended near two graduated rules. He deducted from the calcu- 
lated work, ist, the work equivalent to the vis viva retained by 
the weights at the end of their fall, and 2nd, the work consumed 
by the friction of the strings against the handle and in the 
pulleys. 

On the other hand, he estimated as exactly as possible the heat 
developed by the cushions; first, by employing a good mercurial 
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thermometer, and then by means of a thermo-electric pile, com- 
pared with the preceding indications, and measuring approxi- 
mately the specific heat of the cushions and the disk, taking into 
consideration the losses in the air. The quantity thus obtained 
was likewise deducted from the calculated work. 

Finally, to measure the electrolization, he took two large test- 
tubes, graduated and furnished with platinum wires extending to 
their bottoms, one of which was connected with the machine, 
while the other was in communication with the earth. These 
tubes were immersed in a large reservoir containing acidulated 
water, and united by means of a long string wetted, to serve as a 
conductor to the electricity without producing sparks. 

The results of twenty-eight observations are given in the fol- 
lowing table, in which the first column gives the number of experi- 
ments, the second the amount of hydrogen disengaged in milli- 
grams, the third the calories of dissociation, the fourth the work 
in kilogrammeters and the fifth the mechanical equivalent found. 

No. Ex. H. Calories, Work. M, Equiv. 
12 17 0°57 272°84 471°99 
7 42 1°428 649°74 455.00 

9 5 0°170 79°5 467°64 

The mean of these results gives for the mechanical equivalent of 
heat the number 464°87.— Bib. Univ., 252, 1873, Phil. Mag., 155, 
xlvii. E. P. 

6. Distribution of magnetism in soft iron.—J amin has recently 
conducted a series of experiments on the distribution of the 
magnetism in a square bar of soft iron, two meters long and twenty 
millimeters on aside. Its ends were surrounded with coils of wire, 
through one or both of which a current from twenty Bunsen cells 
could be passed. 

When one coil only was used, the magnetism at a distance x 


was expressed by the quantity > in which A=11°95 anda= 


1161 in this particular case. In other words, the distances being 
taken in an arithmetical progression, the magnetism would dimin- 
ish geometrically. If the length of the bar was not indefinitely 
great, the effect produced was the same as if the curve representing 
the distribution of the magnetism was reflected, and the ordinates 
thus obtained added to those of the first curve. 

If now both coils were employed and the currents sent in the 
same direction, the reflected portion of one neutralized that of the 
other. But if sent in opposite directions, so that both ends of the 
bar should be north or both south, the reflected portions added, 
and the total attracting power of the bar was increased by this 
amount. This result seems to be quite at variance with Ampére’s 
theory of magnetism. All these conclusions are sustained by 
series of observations which show a remarkable agreement with 
theory.— Comptes Rendus, \xxviii, 95. E. C. P. 

7. lectro-torsion.—Mr. GEorGE GoRE presented to the Royal 
Society, at a recent meeting, a communication on the twisting of 


Chemistry and Physics. 419 


iron rods whilst under the influence of electric currents. This 
effect is by no means a microscopic one, but may be made to ex- 
ceed, in some cases, a twist of a quarter of a circle, the end of a 
suitable index moving through a space of eighty centimeters. It 
is always attended by emission of sound. 

The torsions are produced by the combined influence of helical 
and axial currents, one current passing through a long copper- 
wire coil surrounding the bar or wire, and the other in an axial 
direction through the iron itself. The cause of them is the com- 
bined influence of magnetism in the ordinary longitudinal direc- 
tion, induced in the bar by the coil current, and transverse magnet- 
ism induced in it by the axial one. 

The torsions are remarkably symmetrical, and are as definitely 
related in direction to the electric currents as magnetism itself. 
The chief law of them is, a current flowing from a north to a south 
pole produces left-handed torsion, and a reverse one, right-handed 
torsion, i. e., in the direction of an ordinary screw. Although 
each current alone will produce its own magnetic effect, sound, 
and internal molecular movement, neither alone will twist the bai, 
unless the latter has been previously magnetized by the other. 
Successive coil-currents alone will not produce torsion, neither will 
successive and opposite axial ones. 

Signs of electro-torsion were obtained with a bar of nickel, but 
not with wires of platinum, silver, copper, lead, tin, cadmium, 
zinc, magnesium, aluminum, brass or German silver, or with a 
thick rod of zine, or a cord of gutta-percha.— Vature, Jan. 19th. 

E. ©. P. 

8. Physiology of Flight—M. Marry, having in a_ previous 
paper shown the path described by the wing of a bird and its 
effect on the motion of the animal, now describes some experi- 
ments with artificial wings with which he attempts to raise bodies 
of greater or less weight. That the apparatus may raise itself, it 
is necessary that the moment of the moving force shall be a lit- 
tle greater than that of the resistance of the air, and that the 
magnitude of this resistance shall be for each wing one half the 
weight of the mass to be raised. If we suppose the wing trian- 
gular and the resistance of the air proportional to the square of the 
velocity, the point of application of the resultant will be on the 
line bisecting the wing at 2ths of the distance from the joint to the 
tip. To assure himself that these conditions were fulfilled in 
nature, he measured the statical effort of which the pectoral mus- 
cles were capable, their point of insertion, the form of the wings, 
and the weight of the body of various birds. He then constructed 
a mechanical arrangement by which the natural movements might 
be imitated. But on comparing the velocities required with those 
obtained from registering the motion of the wings of real birds, 
he found that, to raise itself, the wings of the machine should have 
a velocity three to four times that of the wings of the bird. Or, 
that in de latter case the resistance of the air seemed to be from 
nine to sixteen times that in the former. The more he repeated 
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these experiments the more convinced he became that the resist- 
ance of the air under the wings of birds would not be sufficient to 
sustain them, if it was not increased by some condition wanting in 
the mechanical device. This condition he claims is found in the 
increased resistance due to the motion of translation of the bird. 

Air, like all movable bodies, possesses inertia, so that when acted 
on by a force it at first resists strongly, then acquires a velocity, 
and tends to preserve it after the original force ceases to act. 

The resistance of the air to a body moving uniformly ma 
therefore be divided into a constant condition, preceded and fol- 
lowed by a variable condition, produced when the body starts or 
stops; the pressure in the first case being greater, and in the lat- 
ter less, than the normal. Admitting then that the resistance of 
the air attains its maximum when the body starts, it is clear that 
the wing of a bird ought to find a more solid support in the air, 
if throughout its whole stroke it can place itself in this condition. 
But in consequence of the motion of translation of the bird, the 
wing is continually acting on a new portion of the air, which, on 
account of its rapid motion, has no time to acquire its velocity, 
It is therefore compressed and offers its maximum resistance. 

To prove the correctness of this theory, it was necessary to im- 
part a horizontal velocity to the artificial bird, and to see if there 
was any increased resistance to the motion of the wings. A little 
steam-engine working uniformly, put in motion an air-pump, which 
in turn moved the wings regularly. The machine was placed at 
the end of a long arm free to revolve, so that while in action it 
could receive a rapid motion in a large circle. Under these condi- 
tions he found that when at rest the wings moved through an 
angle of 60°, but when moving with a velocity of ten meters per 
second, the angle was reduced to 30°, or even 20°, while employing 
the same power. Fearing that centrifugal force might interfere 
with the results, the experiment was repeated, giving a rectilinear 
motion to the machine, and a similar effect was observed. 

Many familiar facts are thus easily explained. Thus, when a 
bird rises, the extent of motion of the wings is much greater than 
when it has acquired a large horizontal v elocity. When attached 
to a cord it falls, notwithstanding its flapping, as soon as the ten- 
sion arrests its horizontal motion. When a bird is suspended 
from a bar which is caused to revolve so that it shall fly in a cir- 
cle, and a rapid motion is imparted to it, the strokes of the wing 
take place very slowly, sometimes only once a second in the case 
of a pigeon, instead of eight times a second, which is their normal 
rapidity.— Compies Rendus, 121. E. C. P. 

9. The Vermiculites: their Crystallographic and Chemical rela- 
tions to the Micas, together with a discussion of the cause of the 
variation of the optical angle in these minerals ; by Jostan P. 
Cooker, Jr.*— Introduction. —In the American Journal of Sci- 
ence (vii, 55, 1824), T. H. Webb described a mineral from Mill- 
bury, near Worcester, Mass., which has since been a mineralogical 

* Abstract of a paper published in the Proceedings of the American Academy 
of Arts and Sciences, vol. ix, page 35; prepared for this Journal by the author. 
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curiosity on account of its singular reaction when heated. The 
mineral consists of “small foliated scales distributed through a 
steatitic base.” When heated, it exfoliates prodigiously, the scales 
opening out into long worm-like threads made up of the separate 
folie. Exfoliation commences at 500° to 600° Fahr., and takes 
place with so much force as often to break the test-tube in which 
the mineral may be confined. Before the blowpipe it fuses at 3°5 
toa grayish-black glass.” It was named by Webb, as he says, 
“from the Latin vermiculor, ‘I breed worms.’” The hardness of 
the mineral is 1-2, the specific gravity 2756, the luster talcose, and 
the color grayish, somewhat brownish. It was analyzed by Cross- 
ley, who “separated with great care from the base the scaly min- 
eral, which is the true vermiculite,’ and his results were as 
follows :— 
1. “True. App: 
Silica. ....... 35°74 19°06 19°06 11 35°74 19°06 19°06 2 
Alumina 765 «4765 4 16°42 7°65 
Ferric oxide - 11°13 3°34 10°99 1 
Ferrous oxide 10°02 2°23 
Magnesia -... 27°44 10°98 13°21 27°44 10°98 1098 1] 
916 9°16 10°30. 916 «69°16 1 
101°03 

The results of analysis in column 1, and the portions of the 
description of the mineral in quotation-marks, above, have been 
taken from “ Dana’s System of Mineralogy,” fifth edition, page 
493; and the atomic ratio which is there deduced is, 

Iv vi Il II 

BM: Ks Mell : 4:7: & 
In this analysis, however, Crossley could not have determined the 
state of the iron, which, in the specimen I have examined, is almost 
wholly in the ferric condition. If now we assume that the whole 
of the iron belongs with the sesquioxide radicals, the analysis 
would appear as in column 2, and the atomic ratio is then seen to 
be 2: 1:1: 1, which is undoubtedly the correct result. 

In the year 1851, Mr. W. W. Jefferis, of West Chester, Pa., 
discovered at the ripidolite locality near that town a peculiar mica- 
ceous mineral which exfoliates like the Millbury vermiculite, but 
which, instead of occurring in small foliz, is found in large hexag- 
onal plates. This mineral was analyzed by Professor Brush; and 
although at first referred by him, “ with a query,” to vermiculite 
(this Jour., II, xxxi, 369, 1861), was subsequently described as a 
new species (this Jour., II, xli, 248, 1866), and named Jefferisite. 

Several years later, Mr. John Hall, now of Philadelphia, sent to 
me for examination some rough six-sided prisms of a micaceous 
mineral, which he had discovered at East Nottingham, in Chester 
County, Pa. This mineral also exfoliates when heated. It is a 
new species, and I have named it, after the discoverer, Hallite. 

A year since I received from Colonel C. W. Jenks, in connection 
with other minerals from his corundum mine on the Culsagee river, 
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in Macon County, N. C., a specimen of still another micaceous 
mineral having the same remarkable pyrognostic properties, It 
proved to be the best defined of any of this class of minerals 
which I had examined, and I shall designate it as Culsageeite. 

Besides the above, there have been found several other micaceous 
minerals whose pyrognostic and crystallographic characters indi- 
cate that they belong to the same family, but which have not yet 
been investigated. 

The remarkable exfoliation and great apparent increase of vol- 
ume which the class of minerals under consideration undergo when 
heated are analogous to the well-known phenomena presented in 
the dehydration of alum, borax and other crystalline salts, when 
heated in a similar way ; and it will be one object of this paper to 
show that the effect is due to the same cause,—namely, to the es- 
caping of what we call water of crystallization. I also expect to 
show that the several minerals referred to above are members of a 
family of hydrous silicates closely allied and parallel to the well- 
known family of anhydrous silicates called the micas, and that 
their molecules differ from those of the magnesian micas chiefly in 
containing a definite number of molecules of water; that is, water 
of crystallization. I shall call this family of minerals “the ver- 
miculites,” using the original name, as “mica” is now employed, 
to designate a class; and I shall call the three species (or varie- 
ties ?) of this family Jefferisite, Culsageeite and Hallite; which 
correspond, as I expect to show, to the two varieties of Biotite 
and to Phlogopite respectively. It will appear that the original 
vermiculite has the same composition as the variety from the 
Culsagee mine, Finally, attention will also be asked to sume 
unexpected discoveries to which the optical examination of these 
minerals has led. 

Jefferisite, of West Chester.—The crystals of Jefferisite cleave 
like mica, affording thin but unelastic folia. The cleavage planes 
are marked triangularly by lines, crossing at angles of 60° and 
120°. In some cases there is a jointing as in crystals of mica, 
parallel to the shorter diagonal of the rhomb. One crystal sent 
me by Mr. Jefferis is the half of a rough hexagonal prism, an inch 
and a quarter high by two inches in diameter. The plane of the 
optical axes, as in the larger number of micas, 1 
is parallel to one of these lines, as indicated in a 
fig. 1, coinciding with the shorter diagonal of 
the rhombic prism, which appears to be the 4 , 
fundamental form in all this class of minerals, 
and from which the hexagonal form is derived 
by the truncation of the two acute angles. The \ MA 
double refraction is strongly negative, but the 
angle between the optical axes varies in the 7 
most remarkable manner. I have measured 
angles on different plates, of 27°, 24° and 10°, and observed many 
intermediate conditions. Owing to the deep yellow color, the 
plates become opaque at a very moderate thickness, and for this 
reason it is impossible to measure the angle with great precision. 
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Some of the plates are apparently uniaxial; but this may result 
from the blending of the two hyperbulas, due to the thinness of 
the plate. The dispersion of the axes is but slight, and only per- 
ceptible in the thicker lamine when p<v. It is obvious, there- 
fore, that the crystallographic characters of the mineral are identi- 

cal with those of mica, : 

The plates are generally, if not invariably, twinned, and the 
twinning is the cause of this most remarkable variation in the 
optical angle, as will be explained at length in connection with 
our description of Culsageeite. On this last mineral the same 
phenomena are more marked, owing chiefly to the greater trans- 
parency of the plates. 

In order to illustrate the chemical relations of the mineral to the 
Biotite micas, we give below: Ist. The results of the analysis of 
Jefferisite by Prof. Brush. 2d. The same results, calculated for 
the anhydrous mineral. 3d. The results of an analysis of a Biotite 
mica, from Pargas, Finland, by Svanberg. In each case I have 
added the amounts of oxygen in the several oxides, to show the 
atomic ratios :— 

Si #1 Fe Fe Mg Ca K H 
(1) 87°10 1757 10°54 126 19°65 0°56 0°43 13°76=100°87 
19°78 818 316 ‘28 786 ‘16 ‘07 12°23 
19°78 11°35 8°37 13°23 
5° 3° 2° 3° 
Al Fe Fe Mg Ca 
9°47 3°66 *32 9710 ‘19 
13°13 9°69 
3° 2° 
Al fe Mn Mg Ca kK HA F 
42°58 2168 10°39 °75 10°27 1°04 8°45 3°35 99°01 
22°71 10°10 3°12 ‘17 4°11 ‘30 1°43 2°98 


22°71 13°22 8°99 
5° 3° 2° 
The general symbol of Jefferisite deduced from (1) would be,— 
II vI 
R,, R, . O,, . Si, . 6H,O. 

A comparison of the results given in (2) and (3) will show that 
the anhydrous Jefferisite corresponds very closely in its chemical 
constitution with the Biotite mica from Pargas. The chief differ- 
ence is to be found in the fact that the mica contains potassium 
and basic hydrogen, in place of more than one-half of the magne- 
sium of the Jefferisite. It should, however, be remembered in this 
connection that the Biotites present a very wide variation in the 
ratio between the amounts of the protoxide and sesquioxide radi- 

Am, Jour. Vou. VII, No. 40.—ApriL, 1874, 
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cals which the various varieties contain. The limits usually as- 
signed to this variation correspond to the ratios— 


Ir VI Ir VI 
BR: 2: and KR: %: Sia1:1: 8, 
and the Pargas mica with the ratio 2:3:5 falls between these 
limits; but the Culsagee variety of vermiculite corresponds to the 
more common class of Biotites, which have the ratio 1:1: 2. 

But this resemblance in chemical constitution only appears when 
we compare the Biotite mica with the anhydrous Jefferisite; while 
it is the crystallized hydrous Jefferisite which so closely resembles 
the magnesian micas in its crystallographic relations; and the 
question now arises, What is the condition of the large amount 
of water—12} per cent—which the crystallized mineral contains ? 

To aid us in forming a conclusion on this point, we have the 
following evidence :— 

First. As the above analysis shows, the water is united in defi- 
nite and atomic proportions amounting to six molecules to every 
five molecules of silicon in the molecules of the mineral, that is, 
sufficient to convert all the silicon into a hydrate, assuming that 
the five silicon atoms in this hydrate are joined to each other by 
the smallest possible number of bonds. 

Secondly. While both the crystallographic and the chemical 
relations of Jefferisite to the other vermiculites, and to the mag- 
nesian micas, indicate that the mineral is an orthosilicate, the 
amount of basic radical, exclusive of the water, is amply sufficient 
to saturate the atomicity of the silicon. 

Thirdly. It was observed by Prof. Brush—and his observations 
have been fully confirmed by ourselves—that the water is given 
off at a comparatively low temperature,—about 300° C.; and, as 
every mineralogist knows, this dehydration is attended with that 
remarkable exfoliation which is characteristic of the vermiculites, 
and indicates a complete disintegration of the molecular structure. 
This exfoliation is wholly different from the phenomena which the 
so-called hydrous micas present under like conditions. In these 
last—which, as we suppose, contain hydrogen as a part of the 
basic radical of their molecules—a very high temperature is re- 
quired to expel the water, and the loss is attended by no such 
marked change of volume and disintegration. 

The conclusion that we draw from these facts is, that the com- 
bined water is in the same condition in Jefferisite as in the zeolites, 
and in many crystallized salts,—a condition whicn has long been 
known in chemistry as water of crystallization. We shall not 
here attempt to discuss what are the relations of the water thus 
combined to the molecular structure of the mineral. This ques- 
tion is still in suspense, and we are persuaded that our science is 
not yet in a condition to solve the problem. All that we can at 
present do is to classify the phenomena presented by the exfolia- 
tion of the vermiculite minerals with the efflorescence of Glauber’s 
salt or the intumescence of alum, and our object is simply to make 
prominent the two points: Ist. That the crystallographic struc- 
ture of Jefferisite is identical with that of the magnesian micas. 


Chemistry and Physics. 425 


2d. That the chemical constitution of the anhydrous mineral is 
closely allied to that of Biotite. 

Culsageeite or the Vermiculite of the Jenks Mine, North Carolina. 
—The vermiculite at this locality occurs in close contact with 
ripidolite, and is frequently interlaminated with it, but the two are 

always perfectly distinct, thus entirely disproving "the theory that 
the vermiculite was derived from the ripidolite by weathering. It 
occurs in large plates having more or less of an hexagonal outline. 
Some of those received from Col. Jenks were five inches in diam- 
eter. It has a greenish-yellow color, which is very much lighter 
than that of the West Chester variety. The plates are strongly 
marked by lines crossing at angles of 60° and 120°, like those 
from West Chester; but these lines are more marked in the North 
Carolina variety. This variety is also much more friable than the 
other, and readily breaks in directions parallel to these lines,— 
yielding rhombic plates with angles of 120° and 60°, and more 
readily hexagonal or triangular plates, produced by the truncation 
of the 60° angle of the rhombic plate, on a line parallel to the 
shorter diagonal of the fundamental rhomb. The plates most 
readily break parallel to this diagonal, and, like the specimens from 
West Chester, are frequently jointed i in this direction. Like other 
micaccous miner als, the plates cleave readily parallel to the basal 
plane, yielding very thin foliz, exceedingly flexible but not elastic. 
The optical characters are the same as those of the West Chester 
variety,—strong negative double refraction yielding a biaxial ring 
system, with uniform distribution of colors, and very variable 
optical angle. Ihave measured angles from about 30° to about 
13°. The angle often varies widely in different parts of the same 
plate. Thus ‘T have measured on different lamine, from a single 
plate not exceeding three inches in diameter, the three angles, 30°, 
24°, and 13°; and again I have noticed a similar variation on one 
and the same lamina. Indeed, the phenomena which I observed 
were almost identical with those I had previously observed on 
plates of ripidolite from Texas, Pennsylvania, loc, cit, On moving 
the lamina just referred to parallel to itself, in front of the polar- 
izing microscope, the optic angle varied as I passed from one side 
of the field to the other. Beginning with a value of about 30°, 
the angle decreased to about 13°. Moving the plate still further, 
I found a region of indistinctness, and then the axes opened again, 
—the new plane making an angle of 120° to the old. I had evi-. 
dently here a macling pre cisely” similar to that 
I had previously described in the Texas ripido- 
lite, and shown in fig. 2, where the lines of 
shading represent the position of the plane of 
the optical axes. This represents what we may 
call an ideal macle; for I have seldom been 
able to trace more than three individuals on 
the same plate, and, as a rule, these are very 
unequally developed. On many of the speci- 
mens of the North Carolina vermiculite, the 
macling is externally marked by the eminent cleavage or jointing 
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parallel to the shorter diagonal of the rhomb section, and in seve- 
ral of the specimens I have examined it was quite symmetrical. 
A study of these specimens led me to an explanation of the cause 
of the remarkable variation of the optical angle, which I believe 
not only applies to the vermiculites and ripidolites, but also, in 
many cases at least, to the micas. It would be expected that the 
several members of such macles as fig. 2 represents would pene- 
trate each other, and I therefore made a series of experiments to 
ascertain what would be the effect of the interfoliation of laminz 
in which the planes of the two sets of optical axes had the same 
relative position as in the several members of the macle. To that 
end I divided a plate, which represented the largest optical angle 
I had observed, into as thin lamin as possible, and then superim- 
posed them in the relative position I have mentioned, so that the 

lanes of the optical axes should be inclined at an angle of 60°. 

he result was—when the thickness of the plates in each position 
was nearly equal—that a symmetrical ring system was obtained, 
in which the optical angle was about 13°,—the smallest I had 
measured; and, by varying the relative thickness, intermediate 
degrees of optical divergence were produced. By now introduc- 
ing lamine into the compound crystal, in the position of the third 
member of the macle,—that is, with the plane of the optical axes 
in the position of the third diagonal of the hexagon,—the appa- 
rent angle could be reduced still further, so that the plate was 
apparently uniaxial. Although these experiments were sufficient 
to show that the macling was an adequate explanation of the 
apparent variation of optical angle I had observed in the plates 
of ripidolite and Jefferisite, they also raised the question how far 
the effect I had obtained in my experiments might be due to the 
circumstance, that, on account of the deep color of these minerals, 
it is only possible to experiment on very thin plates, with which, 
of course, the rings of interference are very wide, and the hyper- 
bolas proportionally indefinite. I therefore next made a similar 
experiment with a well known phlogopite mica from Jefferson 
County, N. Y., whose crystals are very distinctly macled after the 
type of fig. 2, or 4, the plates presenting a variation of optical 
angle similar to that I have described, the normal axial divergence 
being about 154°. <A very clear portion of one of these plates 
was first cut into a regular hexagon, one of whose diagonals was 
in the plane of the optical axes. This hexagonal plate was then 
split into twelve lamin, which were superimposed with the inter- 
vention of balsam, and in alternating positions, like the members 
of a macle,—the optical plane in each of the lamine making an 
angle of 60° with that of the lamina above or beneath it. The 
result was an essentially uniaxial plate, differing from a plate of 
uniaxial mica only in small irregularities in the contour of the 
rings, such as the lamination would be expected to produce. On 
repeating now this experiment with a Muscovite mica having a 
wide optical angle about 63°, I obtained a most remarkable and 
unexpected result,—a structure presenting optical phenomena 
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similar to those of a plate of quartz cut perpendicularly to the 
principal axis. At the first trial I obtained a compound mica 
plate showing a disc of color in the center of the field whose tint 
changed during the rotation of the analyzer,—of the polarizing 
microscope,—like a plate of left-handed quartz; and, on superpos- 
ing a plate of right-handed quartz, the spirals of Airy at once 
appeared. The rings, however, were wholly broken up, and 
appeared only in irregular patches of color. This irregularity 
was due to the unequal thickness of the lamin employed, and I 
found it impossible to split up one and the same hexagonal plate 
of mica into laminz, which were sufficiently uniform for the pur- 
pose. But very satisfactory results were obtained in the following 
way. I selected for the purpose the very clear and easily cleav- 
able mica from Grafton, N. H.; and, after a few trials, succeeded 
in cleaving off very thin plates of considerable size and nearly 
uniform thickness. Selecting one of these plates, I first divided 
it by means of a parallel ruler into strips, and from these strips 
cut out the hexagonal laminz by means of a steel pattern carefully 
made. The thin mica can be cut with perfect accuracy by a sharp 
knife ou a plate of glass. The hexagonal lamine thus obtained, 
though coming from different parts of the mica plate, were opti- 
cally parallel to each other; and by drawing at the outset a line, 
with a sharp point, near the corresponding edges of the several 
strips, this line served as a guide for placing the hexagonal lami- 
ne. From lamin thus prepared, plates were made showing the 
familiar system of rings as perfectly as could be expected. The 
best results were obtained from plates consisting of from twelve 
to twenty-four lamine; and the character of the resulting plate, 
whether left or right-handed, was found to depend on the order 
of the spiral arrangement. If in building up the pile the marked 
side of each successive lamina is turned through an angle of 60° 
in the direction of the motion of the hands of a watch, the result 
corresponds to left-handed quartz, if turned in the reverse direc. 
tion to right-handed, and on superposing two dissimilar plates 
thus prepared I obtained again the spirals of Airy in great per- 
fection. Thus, then, it appears that, even with micas of the widest 
optical angle, we can build up a structure which is optically 
uniaxial.* 

* The great difficulty in preparing these plates is to obtain thin films of mica 
of uniform thickness, which are of sufficient size to yield a dozen or more lami- 
nz; and the more nearly we have succeeded in preparing such a film, by splitting 
sheets of mica, the more closely we have been able to imitate the phenomena seen 
under like conditions with a plate of quartz. We have been able to work with 
films which measured with a spherometer only ;}; of an inch in thickness, and 
have not obtained good results with those which were much thicker, and when 
thinner than this the mica cannot readily be cut into shape. The least inequality 
in the thickness of the several laminze composing the same plate more or less 
mars the effect; and, although some of the striking features seen with quartz may 
remain, such as the succession of colors on revolving the analyzer, and even the 
spirals of Airy, yet the more delicate phases of the phenomena disappear. The 
plate changes color when revolved on its own plane, the rings lose their circular 
form and become confused, and the violet cross disappears. Moreover, as regards 
the conditions which determine the phase of the circular polarization, the law 
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The theory which I have formed to account for these facts is as 
follows. We may conceive that the molecule of mica is an ellip- 
soid, whose elliptical section, 
through the longer axis, can be 
inscribed in the rhomb of 60° 
and 120°. Assume now that 
these molecules have polarity, 
the rhombic prism would be . 
the normal result of their as- 
sociation, as represented in fig. 

3. Wemay, however, conceive 
that three of these molecules 
may become associated by al- 
ternate single poles to form a nucleus, such as represented in fig. 
4. Such a group once formed would be in a condition of great 
stability, resulting from the concurrent action of the several poles ; 


and if now each of the molecules develops into a crystal, the result 
would be a macle of a form which is very common in the mineral 
kingdom. If six molecules unite in a similar way to form a nu- 


stated above can only be affirmed with certainty of plates consisting of lamin 
which very nearly fulfill the conditions we have described. Very small inequalities 
of thickness renders the effect irregular, and made it at first difficult to discover 
the law. Our experiments have been a series of approximations; and, although 
‘we may never be able with our rude appliances to compete with nature in the 
manufacture of uniaxial crystals, yet we have approached so near to the perfect 
result as to be able to point out with confidence one way, at least, by which the 
effects seen in natural crystals may be produced. We have usually cut the lam- 
inz into regular hexagons, but equilateral triangles might more easily be cut, and 
would probably give as good results; for, although the errors of position might 
not be so well distributed, we have found that a slight variation in the relative 
position of the laminz injures the result to a far less degree than the least ine- 
quality in their thickness. It still remains to make careful quantitative measure- 
ments of the effects produced under determinate conditions; and, as can easily be 
seen, the subject opens a wide field for mathematical analysis as well as physical 
investigation. 
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cleus, as in fig. 5, we should also have stable equilibrium (although 
less firm than before), and the result of a symmetrical develop- 
ment would be a macle such as has been represented in fig. 2. 
Whether this more complex arrangement is necessary in order to 
explain the phenomena presented by the vermiculites and micas, I 
do not feel confident. It is seldom that more than three individ- 
uals can be distinguished on a given plate; and the very unequal 
development of the several individuals, and the indefiniteness of 
the lines of demarcation, resulting from the phenomena which 
have been described, render what would seem to be a characteristic 
feature of the more complex group not necessarily a certain indi- 
cation of the structure. I refer to the fact, very constantly 
noticed, that the plane of the optical axes is parallel to the nearest 
hexagonal edge, as shown in fig. 2. In figs. 4 and 5 this same 
plane is parallel to the shorter axis of the ellipse! and it can easily 
be seen that if either of the individual of fig. 4 were developed 
over any large portion of the space of its neighbors, the optical 
plane might appear parallel to the adjacent edge. 

Having made the two suppositions, as above, to explain the 
phenomena of twinning, which have been long familiar and ex- 
ternally visible, it will not, we trust, appear unreasonable if we 
make a third supposition to explain the phenomena first described 
in this paper. We may conceive that the ellipsoidal molecules, 
instead of grouping together on the same plane, become associated 
by their alternate poles, one over the other, as represented in fig. 
6. Molecules so associated, developing 
laterally, would produce the laminz of a 
mica plate in the relative position in which 
we have placed them in our artificial crys- 
tals, with only this difference, that the , 
lamin would be indefinitely thin, and in | 
exact position; and the effect of such | 
compound molecules in modifying the. | 
elasticity of the crystailine structure must 
be, in most respects at least, like that of | 
single molecules, symmetrical on all sides ‘ 
of one line or axis,—in other words, they 
must produce a structure similar to that 
of uniaxial crystals. Under what further 
conditions the grouping of the molecules, in right or left-handed 
spirals, determines the phenomena of right or left-handed circular 
polarization, and what bearing the new facts may have on the 
received theory of these phenomena as they appear in quartz, 
must be left for further analysis to discuss. 

[ pass next to consider the composition of the Culsagee vermic- 
ulite, and I give below, at (1), (2), and (3), the results of three 
analyses, made by myself, together with the corresponding oxygen 
ratios, 

The pulverized mineral, after it has been exfoliated by heat, is 
easily and perfectly decomposed by hydrochloric acid. In analy- 
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sis (1), after the separation of the silica, the alumina and ferric 
oxide were separated from the magnesia by ammonia, with the 
usual precautions. In (2) and (3) the bases were converted into 
nitrates and separated by Deville’s method. In each case the 
magnesia was weighed as pyrophosphate, and the alumina and 
ferric oxide were weighed together. 

All three analyses were made with material rendered anhydrous 
by ignition until the weight was constant, and each is represented 
by three distinct determinations; namely, the weight of the silica, 
the sum of the weight of the alumina and ferric oxide, and the 
weight of the magnesic pyrophosphate. The oxides of iron and 
the water were once for all determined on separate portions of the 
dried but not exfoliated mineral, and therefore appear of the same 
value in all the analyses. 

The determination of the water was the only difficulty which 
the analysis of this mineral presented. It is by far the most 
hygroscopic silicate I have ever examined, when once dry absorb- 
ing water from comparatively dry air with almost as much avidity 
as chloride of calcium. In two experiments with different portions 
of the same powder, the material was heated in an air bath, at 
100° C., for seventy-two hours before the weight became constant ; 
and in each case the weight was compared at intervals of about 
six hours. The total loss in the first experiment was 10:27 per 
cent, and in the second 10°19 per cent. ‘The mineral thus dried, 
lost, when ignited, 10°84 per cent. Another portion of the same 
powder, which had been dried over sulphuric acid for more than 
two months, lost, when ignited, 11°09 per cent. This close agree- 
ment indicates that all the water lost in drying, either at 100° or 
over sulphuric acid, is hygroscopic; and the conclusion is con- 
firmed very greatly by the fact that the mineral in thus drying 
does not change its aspect in the least degree, and rapidly reab- 
sorbs the water when exposed to the air. On the other hand, 
when the mineral is ignited, it swells up to many times its volume, 
like other members of the vermiculite family, and undergoes what 
is evidently a profound alteration in its molecular structure. 

Si A Fe Mg H 
37°58 “TE 25°18 11:09=100°06 
20°04 ‘ 0°14 10°05 9°86 
20°04 : 10°19 9°86 

2°03 1:03 
87°43 9° 0%8 25°58 11°09=100°38 
19°95 0°14 10°23 9°86 
19°96 98 9°86 

2°03 
37°10 25° 11°09==100°01 
19°79 “45 “78 9°86 
19°79 9°86 

2° 


(1) 


(2) 


(3) 
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It is evident from these analyses that the atomic ratio of the min- 

eral is 2: 1:1: 1, and its formnla may therefore be written :— 
R,, O,,. Si, . 8H, O. 

By referring to what has already been said of the relation of 
Jefferisite to the biotites, it will be seen that, while that mineral 
corresponds to a less common variety of this species, the Culsagee 
vermiculite corresponds to its more usual type. We give below, 
at (1), the results of an analysis of Vesuvian Biotite, by Chodnef; 
and, at (2), the same, assuming that a portion of the iron is in the 
ferrous condition, as is well known to be the case, in order to show 
that values within the probable error of the analysis would give 
the ratio 2: 1:1. Here, of course, the alkali takes the place of a 
portion of the magnesia of the vermiculite. 

Si Al Fe Fe Mg Ga K 
40°91 17°19 11°03 19°04 0°30 9°96=98°43 
40°91 17°19 703 400 19°04 0°30 9°96=98°43 
21°82 8°30 2°11 ‘89 0°09 1:69 


21°82 10°41 10°29 
2°12 1°01 

This new variety of vermiculite is so well marked, and the com- 
position so definite, that I have thought best to designate it by the 
name Culsageeite. As regards its other characters, it has a spe- 
cific gravity of 2°225 (taken in alcohol), and about the hardness of 
tale. Before the blowpipe the exfoliated mineral fuses readily to 
a white enamel, but does not fuse in the flame of a Bunsen lamp. 

To this variety of vermiculite belongs, as I have already inti- 
mated, the original mineral from Millbury, analyzed by Crossley. 
There can be no question as to the general accuracy of Crossicy’s 
results; and, assuming that all the iron is in the ferric condition, 
they give, as I have shown, almost precisely the atomic ratio 2:1: 
1:1. The only question that can arise is in regard to the condi- 
tion of the iron. I have therefore made an assay of the iron by 
the accurate method I formerly described in this é ournal, xliv, 347, 
1867. One hundred parts of the massive mineral gave 7:40 per 
cent ferric oxide, and 3°86 per cent ferric oxide, which corresponds 
to a total of 10°56 ferrous oxide. Crossley found 10°02 ferrous 
oxide, but he separated with great care the vermiculite from the 
steatite with which it is mixed; and this steatite was probably the 
source of the greater part of the small quantity of ferrous oxide 
found in our assay, which, though not made with pure material, 
shows conclusively that the condition of the iron in the Millbury 
vermiculite is not different from that in other varieties of the same 
family of minerals. 

Hallite.—Several years since this variety of vermiculite was 
sent to me by Mr. John Hall, of Philadelphia, by whom it was orig- 
inally discovered. The examination then made showing that the 
mineral was a new variety, if not a new species, of the vermiculite 
family, I gave to it the name of Hallite, in recognition of the min- 
eralogical services of Mr. Hall, who not only discovered the min- 
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eral, but has carefully worked the locality and observed the 
associations in which it is there found. A preliminary notice of 
the mineral under this name was published at the time by Profes- 
sor Leeds, of Hoboken; but the interesting relations which the 
mineral bears to the subject of this paper have made a further 
examination desirable. 

Hallite occurs in large rough six-sided prisms, with easy micace- 
ous cleavage. There are two varieties, differing markedly in color, 
green and yellow; and I am indebted to Mr. Hall for the “following 
facts in regard to the locality and associations of this species. 
Mr. Hall writes: “The mineral is found at East Nottingham, in 
the serpentine formation of southeastern Pennsylvania, three miles 
south of Oxford, in Chester County ; and I know of no other local- 
ity. Ithink the green and yellow varieties are very closely related, 
and may possibly pass from one into the other; but I have no posi- 
tive proof that they do. The crystals are found i in nests or pock- 
ets, and the two colors are not found in the same nests. ‘The green 
crystals are imbedded in a steatite earth or base of the same color 
as the crystals, and the yellow in a yellow earth; and sometimes 
nests, containing the opposite 1 arieties, are only. a few feet apart 
in seams of the : serpentine rock.” 

As the following analyses show, the two varieties have essen- 
tially the same composition, and the only difference that could be 
detected was in the degree of oxidation of the iron. The yellow 
crystals appeared to be more weathered than the green, and on the 
last the green color frequently fades out toward the center of crys- 
tals , thus giving indications of a metamorphosis by which one 
variety may pass into the other. 

Under the microscope these scales of the mineral show a remark- 
able appearance. Between the greenish or nearly colorless plates 
are seen elongated scales of a yellow mineral resembling closely in 
color thin scales of Jefferisite. They are more or less spear-shaped 
in form, although usually very narrow, and lie accurately in paral- 
lel lines, which cross at angles of 60° and 120°, like the magnetic 
oxide of iron in the muscovite from Pennsbury, Pa., or the micro- 
scopic crystals in the Biotite of South Burgess of Canada; and 
the phenomenon of asterism, seen so beautiful with the plates of 
the last, can also be seen with thin lamine of Hallite. It was im- 
possible to free the mineral from this admixture, but specimens 
were selected for analysis as free from it as possible. It was also 
impossible to determine its exact nature. ‘The scales had not a 
definite form, but there was a tendency to a rhombic shape, which 
is well described by the term “spear-shaped ;” and though the 
maicrial is so widely distributed through the crystal, the total 
mass must be very small. 

This mineral is not so hygr oscopic as Jefferisite, and no difficulty 
was found in drying the material for analysis. When ignited, it 
exfoliates like other species of vermiculite, but not nearly to so 
great an extent as Jefferisite. After ignition it is decomposed by 
hydrochloric acid. The specific gravity of the green variety, mean 
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of four determinations, 2°398; that of the yellow variety, mean of 
two determinations, 2402. Before the blowpipe fuses with difli- 
culty to a brown enamel. The following analyses were made by 
Mr. C. E. Munroe, Assistant in the Laboratory of Harvard Col- 


GREEN VARIETY OF HALLITE. 
Fe Mg K it 
1:13) 31°34 «0°48 14°32 =99°63 
113 31°56 0°49 14°33 = 99°33 
1°13) 31°45) «0°46 14°33 =99°49 
0°25 12°58 0°08 12°74 
12°91 12°74 
2°02 2° 
2° 2° 
YELLOW VARIETY OF HALLITE. 
#e Fe Mg K it 
9°76 0°32) 31°61 0°56 14°%65=—99°81 
9°61 0°32 31°41 0°65 14°91 =99°66 
9°68 0°32 31°51 O61 14°78=99°74* 
2990 07110 12°60 13°14 


6°43 12°80 13°14 

1°03 2°04 2°09 

le 2° 
Ryy, Ogg. Sig . 12H, O. 


It will be seen from the above analyses that, although the 
atomic ratio between all the basic radicals and the silicon is the 
same as in Culsageeite, Jefferisite, and Biotite, the ratio between 
the protoxide and sesquioxide radicals is very different. In this 
respect the mineral resembles the phlogopite micas, in which also 
the protoxide radicals preponderate ; and the symbol given above 
for Hallite, less the water, is identical what that given by Prof. 
Dana as the more probable formula of the phlogopites. 

The opacity produced by the interspersed material made it 
difficult to determine the optical characters of the mineral, as the 
rings produced with polarized light could only be seen with very 
thin plates, and the cross was therefore ill defined; so that, 
although in some cases there appeared to be a separation of the 
hyperbolas, the plates could not be distinguished from uniaxial. 
On one specimen the hexagonal form was very perfect, and the 
crystal presented the planes of a rhombohedron having an angle 
over the basal edge of about 122°, resembling the crystals of 
Biotite from Greenwood Furnace. Mr. Hall informs me that these 
more perfect crystals have only been found in one pocket of the 
serpentine. 

The distinction, however, between the phlogopites and the 
biotites is not fundamental, either chemically or physically. 


* Trace of manganese. 
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Chemically, both species are orthosilicates; that is, the atomic 
ratio between the silicon and the sum of the basic radicals is 1: 1. 
The species differ in composition only in the relative proportion 
of the sesquioxide and protoxide radicals. In the phlogopite the 


II vI 

ratio of # to Ris probably normally 2:1; but of the published 
analyses the value varies between that ratio and the ratio 3; 2. 
In the biotites the same ratio is probably normally 1:1; but here, 
again, the different analyses which have been made give values 
varying between 5:3 and 1:2. In like manner the optical dis- 
tinction between the phlogopites and biotites, of which so much 
has been made, is equally indefinite. Between a so-called phlogo- 
pite, like that from Jetferson County, N. Y., with an angle of 
about 15°, and the apparently uniaxial plates of biotite from 
Vesuvius, there is every possible gradation—sometimes, as I have 
shown, on one and the same mica plate; and I have endeavored 
in this paper to explain the cause of this variation. With the 
Vesuvian biotites themselves,—if the specimens in the mineralogi- 
cal cabinet of Harvard College are fair representatives of the 
mineral from this locality,—it is only occasionally that we find a 
perfectly uniaxial plate. More commonly there are distinct evi- 
dences of twinning, and on the borders of the hexagonal plate 
may be discovered a biaxial structure of which the optical plane 
is parallel to different edges of the hexagon on different parts of 
the plate. 

It must, however, be remembered that, as by the process of 
twinning we have described the structure of the magnesian micas 
approaches that of uniaxial crystals, rhombohedral and other 
planes characteristic of the hexagonal system begin to appear on 
the crystal. This is illustrated not only by the crystals of Biotite 
from Vesuvius and from Greenwood Furnace, N. Y., but also by 
the more perfect crystals of Hallite from Chester County, Pa. In 
other words, the process of twinning we have illustrated in this 
paper produces hexagonal crystals in external form as well as in 
optical characters ; and the question naturally arises, May not 
the hexagonal crystals of other minerals be formed in a similar 
way ?—that is, may they not be developed from twinned mole- 
cules, which, though in their aggregate producing an hexagonal 
structure, singly would develop into biaxial crystals? Bearing 
on this point, we have discovered some very remarkable evidence. 

We have in our possession a plate of Elba tourmaline cut per- 
pendicular to the axis, in which the polarizing microscope shows 
on different zones a separation of the hyperbolas, which amounts 
in some positions to eight degrees ; and in moving the plate across 
the field the optical divergence varies precisely as on plates of 
phlogopite and vermiculite. There is certainly no external evi- 
dence of lamination on tourmaline crystals, for the mineral is 
remarkably compact, and the crystals have not even a basal cleav- 
age: but it will be remembered how readily some of the varieties 
pass by alteration into micas of the muagnesian type; and this 
change to a foliated structure, in which the lamination is parallel 
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to the base of the original hexagonal crystal, may be facilitated 
by a grouping of the molecules of the tourmaline, in the manner 
represented by fig. 6. 

We have also a plate of amethystine quartz, in which a beam of 
parallel polarized rays of light exhibits a twinning almost as 
symmetrical as that shown in fig. 4,—the three zones being most 
beautifully mapped out by the alternating bands of right and left- 
handed quartz, which are such a familiar phenomenon of these 
crystals; but, besides this, in each of these zones, near the border 
of the plate, can be distinguished a biaxial structure with an opti- 
cal divergence of several degrees; and, on one other plate of 
amethyst we have had an opportunity of examining, we have also 
seen under the polarizing microscope the biaxial curves at one or 
more points, 

These facts most distinctly suggest the theory that the optical 
phenomena of quartz are produced by a molecular structure simi- 
lar to that by which we have obtained identical phenomena in our 
artificial plates of mica, and that the two orders of crystals are 
aggregates of compound molecules, whose parts are twinned 
together in the one case in right-handed, and in the other in left- 
handed spirals, and, lastly, that the simple molecule, if developed 
normally, would produce a biaxial structure.* This theory is 
most markedly in harmony with the chemical relations of silica. 
The compound SiO, is the only one of the tetrad oxides which 
crystallizes in the hexagonal system ; and ever since, by the study 
of the organic compounds of silicon, the quadrivalent character of 
the element has been made evident, this fact has been a striking 
anomaly in our chemical classification. Assume, however, that 
the molecule SiO, would develop normally into a rhombic struc- 
ture, and that the hexagonal form of quartz is solely a result of 
molecular twinning, and the anomaly disappears. The molecule 
SiO, may be approximately of the same form as the molecule 
Ti O,, in Brookite; but, having the exact dimensions and polar 
conditions which favor the mode of molecular twinning, described 
above and represented by fig. 6, it may always develop into 
hexagonal shapes. 

Are, then, all hexagonal forms thus closely related to the rhom- 
bic systems of crystals? And do all molecules of the dimensions 
and polar conditions illustrated by the figures of this article—that 
is, those which correspond to the rhomb of 60° and 120°—usually 
develop into hexagonal forms? May not the whoie difference 

* Since the above was in type, we have received Am. Jour. Sci., IV., February, 
1874, containing a description of the rhombic silica which Prof. Maskelyne, of the 
British Museum, has discovered in the meteorite of Breitenbach. This new 
species of silica, which Prof. Maskelyne calls Asmanite, has the form of a right 
rhombic prism, with an angle of 120° 20’, and the crystals are optically biaxial ; 
but while the specific gravity of quartz is 2°6, that of Asmanite is said to be 
2°245. It is perhaps to be expected that such a molecular macling as we have 
described would determine an increase of density, since thereby three molecules 
coalesce to form one; or it is possible that the remarks made in regard to calcite 


i apply also to quartz; but still the marked difference remains to be ex- 
plained. 
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between an hexagonal and a rhombic form arise from a slight 
difference of dimensions, which determines a molecular macling in 
the one case, and a normal development of the single molecules in 
the other? These questions point out most interesting lines of 
investigation, and will recall to the mineralogist a number of facts 
bearing upon the subject. Allow me to refer to two of the most 
striking and most obvious. 

On the crystals of the chrysoberyl, the rhombic angle is 119° 
46’; and every mineralogist is familiar with the hexagonal macling, 
similar to fig. 2, which is very characteristic of this species.* 
Corundum differs chemically from chrysoberyl, in that a portion 
of the alumina in the former is replaced by glueina in the latter. 
Corundum has a perfect hexagonal form, and, fundamentally, may 
not the only crystallographic difference be that, in consequence of 
the replacement, a rhomb of 120° changes to a rhomb of 119° 46’? 
Now we have a plate of macled chrysoberyl, showing the normal 
wide divergence of the optical axes at certain points on its bor- 
ders, and a nearly uniaxial structure at the center, where there is 
an obvious interpenetration between the individuals of the macle, 
and where the superposition of the several laminz is most beauti- 
fully shown by a polarized beam of parallel rays. We have also 
a section of the corundum crystal, presenting phenomena similar to 
those seen with the plate of tourmaline, described above. Fur- 
ther, we have observed like phenomena on a section of phenacite ; 
and, although the last mineral contains silica, yet if the molecules 
of SiO, are crystallographically equivalent to those of Al, Og, it 
may be that the molecular structure both of phenacite and of 
beryl is more closely allied to that of chrysoberyl and corundum 
than the received theory of their chemical constitution would 
indicate. 

We would not convey the impression that in all these crystals 
the appearances we have described are strongly marked, or that 
they have passed wholly unnoticed hitherto. Every one who has 
become familiar with the optical properties of crystals must have 
noticed that, with many always regarded as uniaxial, there is not 
unfrequently in some positions a small separation of the cross into 
the hyperbolas, which are characteristic of biaxial structure. But 
these irregularities, although long known, have never been satis- 
factorily explained. They have been hitherto residual features 
not accounted for by the received theory of crystalline structure, 
which explains so satisfactorily the general order of the phenomena 
observed with the polariscope. We have endeavored in this paper 
to trace their true significance: first, by showing that the appear- 
ances we are discussing are precisely similar to the effects which 
can be obtained by known means with mica plates; and, secondly, 
by observing on ‘different specimens of various minerals every 
intermediate stage between the unmistakable effects of twinning 
on plates of mica or vermiculite, and the delicate phases of the 
phenomena, seen with sections of crystals of tourmaline, corundum, 
or phenacite. One other illustration of our theory. 


* See also Dana’s System of Min., 5th ed., figs. 154,155, p. 156 
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The rhombic angle of witherite (native baric carbonate) is 118° 
30’, and the all but universal hexagonal macling of this species is a 
well-known fact.* The rhombic angle of aragonite (the correspond- 
ing form of calcic carbonate) is 116° “10', and the much greater diver- 
gence of this angle from 120° determines, as is also known, a style 
of macling whicl h is usually quite differ ent from that of witherite. 
In the isomeric calcite, however, we have the type of all hexagonal 
forms. Hitherto the "crystalline forms of calcite and aragonite 
have been regarded as being as widely separated as possible, and 
a comparison of these two well-known mineral species has furnished 
aue of the most striking instances of demorphism. But may not, 
after all, the comparatively small physical differences between 
these two minerals correspond to a crystallographic difference no 
greater, fundamentally, than the difference between the rhomb of 
116° 10’ and the rhomb of 120°? 

The macles of chrysoberyl and witherite are illustrations of a 
general truth, fully recognized in mineralogy, that all rhombic 
crystals, whose angles approach 120°, tend to form hexagonal 
macles. The optical phenomena described in this paper certainly 
suggest the theory that a perfect hexagonal form and structure 
may be the result ‘of a more fundamental and molecular macling, 
which results when the angle is exactly 120°. 


II. AND NATURAL History. 


1, Hozoon Canadense not a Foraminifer or Caleareous Rhizopod 
secretion.—Mr. H. J. Carrer concludes a paper on the Hozoon 
Canadense, in the Annals and Magazine of Natvral History, for 
March, as follows: 

Nothing can be clearer than all that I have above stated of for- 
aminiferous structure, as secn under an inch-focus compound 
power, in my infiltrated specimens of Nummulites, Orbitoides, 
&e., from the Eocene formation of western India. 

But in vain do we seek, in the so-called Zvzoon Canadense, for 
the unvarying perpendicular tubuli, sine gud non of foraminiferous 
structure. In vain do we look for that regularity of chamber- 
formation which, in the amorphous growth assigned to the so-called 
Kozoon. might be equally well assumed to be identical with the 
heterogeneous mass of chambers on each side of the central plane 
of Orbitoides dispansa, accompanied by the transverse bars of 
stoloniferous structure uniting one chamber to the other. In 
short, in vain do we look for the casts of true foraminiferous 
chambers at all, in the grains of serpentine; they, for the most 
part, are not subglobular, but subprismatic. 

With such deficiencies, Iam at a loss to conceive how the so- 
called Eozvon Canadense can be identified with foraminiferous 
structure, except by the wildest conjecture; and then such identi- 
fication no longer becomes of any scientific value. 

Having examined the slice of Laurentian limestone which you 
have so courteously submitted to me, in thick and thin polished 


* See figures, Dana’s System of Min., p. 697. 
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sections, mounted in Canada balsam, by transmitted and also 
reflected light, also the surface of the “decalcified” slice as it 
came from you, in all directions, with one-quarter- and one-inch 
focus compound powers respectively, I must unhesitatingly declare 
that it presents no foraminiferous structure anywhere. Nor does 
its structure bear so much resemblance to that of a foraminiferous 
test as the legs of a table to those of a quadruped; while, if such 
be the grounds on which geological inferences are established, 
the sooner they are abandoned the better for geology, the worse 
for sensationalism ! 

The contents of this letter are open to no controversy. My 
knowledge of foraminiferous structure has been obtained step by 
step, beginning with the recent and then going to the fossilized 
forms, making and mounting my own sections, from which after- 
ward my illustrations and descriptions have been taken. If others 
who have pursued a similar course of instruction differ from me in 
what I have above stated, the question can only be decided by a 
third party, not on verbal arguments alone, but on a comparison 
of the actual specimens, as prolonged disputation, in matters of 
opinion, soon disgusts everybody but the combatants, and can end 
in nothing but a fearful waste of time that might be better 
employed. 

2. Note on the Geology of Costa Rica. (From a letter to the 
editors, dated Limon, Costa Rica, Feb, 7th, 1874.)—Nearly all of 
the year 1873, I have been in the mountains of southeast Costa 
Rica, with a corps of assistants. In that time, besides good sized 
collections, half a dozen large vocabularies and the first topo- 
graphical map ever made of the region, I have some interesting 
notes on the geology. I expect shortly to commence the ascent of 
the volcanoes, and, before you receive this, may have the pleasure 
of standing, the first white man, on the top of Pico Blanco, and 
with a Green’s barometer. 

An unexpected result, suspected this half-year past, has just 
received proofs, in a trip that I made along the cajion of the 
Reventazon River. The sedimentary rocks of the Atlantic slope 
of Costa Rica, usually highly metamorphosed, and all of the same 
geological age, are certainly Tertiary. By means of fossils col- 
lected at various points, over a distance of more than 100 miles, 
I am convinced not only that they are Tertiary, but that they are 
later than the Eocene. This was so unlike my preconceived idea 
that I was extremely reluctant to admit the fact, while I found 
species of molluscs, identical with some found by Dr. Maach on 
the isthmus, and by myself in the late Miocene of Sto. Domingo. 
Besides this specific identity, the facies of all the species is exceed- 
ingly modern, and I shall not be surprised if comparison should 
prove some of them to be still living. 

From the well known existence of the Cretaceous in the West 
Indies and Columbia, and from the asserted finding, by Dollfuss 
and Montserrat, of Jurassic in the States farther north, | inigested 
that these rocks were secondary, more especially since they are 
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auriferous, in the same manner and under the same circumstances 
as the Cretaceous of Sto. Domingo. Wherever dykes cut up the 
metamorphic shale and sandstones, auriferous quartz veins occur ; 
and placer deposits exist in most of the streams that run from the 
margins of the volcanic belt. 

3. More human skeletons from the Caves of Mentone.—M. 
RivizreE read a paper, on the 23rd of February, before the Acad- 
emy of Sciences of Paris, on three new skeletons from the caves of 
Mentone. In it he states that the chipped flints disappear below 
and become replaced by implements of sandstone and limestone. 

4, Mines and Mining in the States and Territories West of’ the 
Rocky Mountains: being the Fifth Annual Report (for 1872) of 
Rosstrer W. Raymonp, U. 8. Commissioner of Mining Statistics. 
550 pp. 8vo, with many plates. Washington, 1873. (Government 
Printing Office.\—The present volume contains several papers of 
permanent value and much interest; for example, that on the treat- 
ment of gold-bearing ores in California, by Mr. G. P. Deetken, of 
Grass Valley. This paper presents not only the mechanical details 
of the Grass Valley system of crushing and amalgamation, but 
full details of the chlorination process of Plattner, so ably con- 
ducted and modified by Mr. Deetken, now for many years at Grass 
Valley. The contributions to the records of lead smelting in blast 
furnaces, by Mr. A. Ellers, compares the experience of the far 
western United States with the best European experience, while 
Mr. Ellsworth Daggett, in another paper, gives the economical 
results of smelting in Utah, to which Mr. Daggett’s own contribu- 
tions are quite important. Mr. Amos Bowman’s chapter on “The 
Pliocene Rivers of California” presents the results of an extended 
series of observations made for the geological survey of the State, 
while Mr. Charles Waldeyer presents a paper on “ Hydraulic 
Mining in California,” illustrated by the remarkable experiences 
at the famous Spring Valley Company’s works at Cherokee, Butte 
County, California, which is the most systematic and thorough 
discussion of this curious subject which has yet appeared. Chap- 
ters on ore-dressing and mining-machinery, with miscellaneous 
statistics, conclude the volume. “The General Geological Map of 
the United States,” by Messrs. Hitchcock and Blake, which accom- 
panies this Report, we have already noticed in this Journal. _ s, 

5. Mineralogy and Chemistry : Original Researches ; by Prof. 
J. Lawrence Suiru, of Louisville, Ky. 401 pp. 8vo. Louisville, 
1873. (John P. Morton & Co.)—In this well printed volume, 
Dr. Smith has thrown together about fifty of his original contri- 
butions, chiefly to mineralogy and chemistry, which have ap- 
peared during the past thirty years. A large proportion of them 
have been published in the pages of this Journal, and the reader 
will be pleased as he turns the pages to recognize many old 
acquaintances in this new dress. Few American investigators in 
these departments have done more good work than Dr. Smith. 
His memoir on Emery (1850); re-examination of American 
Minerals (1853); Thermal waters of Asia Minor (1849), and his 

Am. Jour, Vot. VII, No. 40.—ApRIL, 1874, 
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various meteoric memoirs, especially his “ Memoir on Meteorites ” 
(1855), are among the more elaborate of his valuable contribu- 
tions. His two papers on the “ Determination of Alkalies in Min- 
erals,” 1853 and 1872, are very important contributions to analyti- 
cal chemistry, which have become incorporated into the perma- 
nent literature of the science. If full reference to the journals in 
which the several papers originally appeared had been given, it 
would have added to the value and convenience of the volume, 
which also lacks an index. S. 

6. Parthenogenesis in Ferns.— An interesting paper by Dr. Wa. 
G. Fartow, late Assistant in the botanical department at Harvard 
University, and at the time a student in the laboratory of Professor 
De Bary of Strasburg, entitled An asexual growth from the Pro- 
thallus of Pteris serrulata, was read in January last at a meeting 
of the American Academy of Arts and Sciences, and is just printed 
in its Proceedings. <A fern, as is well known, comes to fructifica- 
tion and produces spores without any fertilization. The spores 
in germinating produce a Liverwort-like structure, the prothallus, 
on which the two kinds of sexual organs are developed; the fer- 
tilization of a cell in the one by a spermatozoid from the other 
results in the development and growth of the former into a bud 
and so into a fern-plant. Now Dr. Farlow has discovered in a 
sowing of the spores of the common Pteris serrudata, prothalli 
which were developing fern-plantlets from their substance quite 
apart from any archegonium, starting in a different way by a 
direct outgrowth from the prothallus, beginning with a scalariform 
duct, but producing plantlets thus far undistinguishable from 
those which arise from an archegonium through fertilization. The 

aper is illustrated by figures which show the earlier stages, and 
the difference between this asexual outgrowth and the ordinary 
development. 

Dr. Farlow, confining himself strictly to the facts of the case 
and their direct interpretation, does not use the word partheno- 
genesis. But the case seems to be substantially analogous to that 
of parthenogenesis in Phenogamous plants, the few cases of which 
that have been probably, if not unequivocally, made out, are much 
fortified by the present discovery. If it be demurred that the 
case is one of bud-growth, and therefore rot of the nature of par- 
thenogenesis proper; the reply is, that .** comes from a partheno- 
genic spore, which here develops plants without the sexual fertili- 
zation of that class of plants. ‘The conclusion, if the facts hold 
good, is that sexual fertilization, however necessary, is not abso- 
lutely necessary in every generation of plants, somewhat as cross- 
fertilization, however necessary in the long run, is generally 
unnecessary in every generation, only the rule in the former is 
far more strict. A. G. 

7. Sarracenias as Fly-Catchers.—It has not rarely happened 
that after some curious discovery has been made, and perhaps 
perfected by a series of observers, it then comes to be seen that 
the discovery has been long before made, recorded, and forgotten. 
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Drosera is a case in point, although the sensitiveness of the leaf 
in responding to organic rather than to inorganic matter—to such 
matters as it can feed on—was wholly unknown to Roth, and was 
left for Darwin to demonstrate. As to Sarracenia, referring to 
our notes, last year, on p. 149 and p. 467 of the sixth volume of 
the present series, we add that the source of the statement in the 
English edition of Le Maout and Decaisne’s Treatise is at length 
apparent, and may be traced back to its origin. The last volume 
of De Candolle’s Prodromus contains the omitted order Sarra- 
ceniacee. ‘To the character the careful editor added a reference 
thus,—“ De causis quibus insecta in ascidiis cadunt [confer] ad 
Macbride in Trans, Linn. Soc. 12, p. 48 (gall, in Rev. Hort., 1852, 
p. 123, et Robinson, |. ¢.).” This sends us toa long-overlooked 
paper, in the 12th volume of the Transactions of the Linnean 
Society, 1818, entitled, On the power of Sarracenia adunca to 
entrap Insects, in a letter to Sir James E. Smith, Pres. Linn, Soc., 
Srom James Macbride, M. D., of South Carolina ; read Dec. 19, 
i815. It appears that this paper, written nearly sixty years ago, 
was noted and referred to by Decaisne in the first volume of the 
Revue Horticole, more than twenty years ago; that Mr. Robin- 
son, probably the editor of The Garden, has more recently referred 
to this, and that Dr. Hooker last year noted either the one or the 
other. De Candolle’s reference “ Robinson, 1. ¢,” however, re- 
mains a puzzle, as there is no antecedent citation of his name, 
none under Sarracenia, and the one under Darlingtonia, upon 
verification by reference to the Garedner’s Chronicle, throws no 
light on the matter in hand. 

Dr. Macbride was a collaborator with Elliott upon the Botany of 
South Carolina and Georgia, and from all we know, must have 
been a first-class observer. He died at the early age of thirty- 
three, between the years 1821 and 1823, that is, between the a 
lication of the first volume and the printing of the first sheet of 
the second volume of Elliott’s Sketch. To his memory Elliott 
dedicated the distinct and pretty Labiate plant, Macbrideu pulchra, 
and in the preface pays a beautiful tribute to him and to Dr. 
Baldwin, as the two individuals who took most interest in his 
work, who would have been throughout, as they were at first, the 
most important contributors to its value, but who “scarcely lived 
to see the commencemay of its publication.” On p. 12 of the 
second volume Elliott refers to this paper of his deceased friend, 
and gives an abstract of its main points. This reference to so 
curious a fact, although occurring in a book very familiar to 
botanists, seems to have been as completely overlooked as was the 
original paper; doubtless, because botanists, until lately, saw in it 
only a matter of idle curiosity, and thought it a matter of no con- 
sequence whatever whether Sarracenia and Drosera caught flies 
or not. Even Dionea excited little more than unreflecting won- 
der, as an unique anomaly,-—as if any member of the organic 
world stood alone. 
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Sarracenia adunca is a synonym of 8S. variolaris. It seems to 
be the most active fly-catcher of the genus, and to offer as a lure 
the greater amount of the sweet secretion. Dr. Macbride inti- 
mates that the open mouth and upraised lid of S. flava may favor 
the escape of the attracted insects after sipping their fill. But 
more likely the greater success of the former is due rather to the 
greater abundance of the sweet secretion,—almost certainly so if 
this stupifies the flies, as Mr. Grady asserts; and to this point 
should now be directed the careful observation of those who have 
Sarracenia variolaris within their reach. The Director of the 
Botanic Garden of Harvard University, Cambridge, would - 
to receive a stock of tiving roots of this spec ies. G. 

8. Hooker's Flora of British India, published by L. Saco 
Co., under the authority of the Secretary of State for India, 
Council.—The second part, just issued, carries on the Pulsoeaion 
Orders from Frankeniacew to near the close of Geraniace, from 
p- 209 to p. 464, which ends with the 74th (out of 122) species of 
Impatiens, Dr. Hooker has himself re-elaborated this genus; the 
rest of the order, as well as the Caryophyllacee, etc., was under- 
taken by Mr. Edgeworth ; Dr. Masters is responsible for the Mal- 
vaceous orders; Mr. Dyer for the Zernstremiacee, Dipterocarpee, 
etc. ; and the late Dr. T. Anderson worked out the Guttifera just 
before his lamented death. In this flora, unlike the other and 
very similar British colonial ones, the characters of vegetation are 
put foremost, both of genera and orders, which seems to us most 
natural and convenient. A. G. 

9. Pachystigma Canbyi Gray.—This Alleghanian analogue of 
the species common from the Rocky Mountains to the coast of 
Oregon, before the only representative of the genus, was published 
only last autumn in the Proceedings of the American Academy of 
Arts and Sciences, although Mr. Canby discovered it a dozen 
_— ago. Being an interesting accession to the Botany of the 

orthern Atlantic United States, it is well to note that a second 
station has already been discovered, by Howard Shriver, Esq., of 
Wytheville, Virginia. He finds it in the vicinity of that town, on 
the banks of Reed Creek, etc., growing at one place in company 
with Carex Fraseriana. A. G. 

10. Woodsia Ilwensis, why so named ?—In a foot-note in Bull. 
Soc. Bot. France, 19, p. 138, Dr. Fou ¢izr raises the question 
often asked before, how this specific name J/vensis came to be 
given to a fern not known to grow upon the island of Elba. The 
Abbé Chaboiseau, in the next volume of the Bulletin, p. 70, gives 
the result of his investigation into the origin of the name. It 
appears, in short, that the name originated with Dalechamp as 
Lonchitis aspera "Tlwensis ; this was cited by Linneus in his Flora 
Suecica as a synonym of his Poly podium Jronde duplicato-pin- 
nata ; to this in the, Species Plantarum he gives the name of 
Acrostichum Ilv ense, ©. nitting, however, to cite the synonym of 
Dalechamp, and also the habitat which gave the name. M. Cha- 
boisseau thinks it probable that Dalechamp’s figure represents a 
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Woodsia, and if so, the species that Linnzus took it for. Also 
that, as it is said on good authority to grow in the Crimea, it may 
really belong also to the mountains of Elba. A. G. 
11. The New Views respecting the nature of Lichenes and their 
Gonidia.—The recent bibliography upon this interesting subject 
is carefully analyzed in the Revue Bibliographique of the Bull. 
Soc. Bot. de France, fase. 1 of the 20th volume, down to March, 
: 1873—a year ago; from which one gets a good view of the state 
of the question at that date. M. Bornet’s paper, of which we 
gave some account in our last volume, is one of the latest there 
noticed. A. G. 
12. Villars, author of the History of the Plants of Dauphiny, 


as now appears from a biography by M. Albert, noticed in the 
L Revue above cited, really bore the name of Villar. As his 
3 botanical works were published in his own life-time, and all under 
L the name of Véllars, it is to be hoped that no one will endeavor 
i to reform the orthography of the genus Villarsia. A. G. 
2 13. Eryngium ; species with parallel-veined leaves.—Prot. Dx- 
, CAISNE made a communication to the Botanical Society of France 
4 upon this subject, at the meeting on the last day of January, 1873, 
9 «which is published in the Bulletin, 20, pp. 19-27. These species 
t are all American, as is the larger part of the genus; and M. 
1 Decaisne thinks it a remarkable case, not to say inexplicable upon 
eC the now current mode of explaining such things, that the peculiar 
t modification should co-exist with the ordinary forms, and over a 
wide range. Indeed, the two dozen species with “ monocotyledon- 
ft ous foliage” are scattered along the length of the continent, from 
f the Great Lakes at the north to the borders of Patagonia. That 
d this lower form, as indicated by the monocotyledonous foliage, 
of should be confined to the New World, while those with well- 
n developed or compound leaves are common to the Old World 
le also in the northern hemisphere, seems to M. Decaisnue incongruous 
d with the reigning ideas of the descent of species and the earlier 
of appearance of the simpler or lower types. He appears to argue 
n that, if the Hryngia are all descendants of a primitive stock which 
'Yy had gained a dispersion round the world at the north, before this 
was “ violenment disloquée par le cataclysme qui a séparé le globe 
1. en deux continents” [which is highly antiquated geology], then 
m the Old World should have had a share of the “ monocotyledonous- 
ve leaved” species which, ex hypothesi, should have been the more 
ne ancient, whereas their less wide diffusion indicates that they are 
es more modern. 
It Now, in the first place, these species may have been in Europe 
as also in the earlier days, along with many other American types 
ra which then abounded but have since disappeared. And in the 
n- second place, this peculiarity of foliage may be merely an adap- 
of tive character, parallel to that of the phyllodineous Acacias of 
of Australia. That such leaves in Hryngit a are petiolar (and not 
1a- laminal) in nature is fairly made out by a comparative study of 
5 our species. And if the typical species, Z aguaticum of Linnzus, 


lived in the medium implied by the name, this kind of foliage 
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would represent one of the commonest adaptations to aquatic life. 
It actually grows, however, on drier ground than any other of 
our species, rendering the name so nearly a misnomer that I have 
proposed (considering also that Linneus mixed two or three 

species under &. aquuticum) to drop that name in favor of the 
later but most appropriate name of 4. yuccefolium Michx. 

Something like this is probably true of the Mexican and South 
American species of this group. Even if not themselves aquatic, 
they are very probably descendants of Hryngia which were so, 
and so inherit an adaptive character which has in its turn been 
adapted to terrestrial conditions. 

From the catalogue which Prof. Decaisne gives of the species 
represented in the herbarium at the Jardin des Plantes, it is 
noticeable that several of our United States species are wanting, 
especially the species of Oregon and California, and #. Ravenelit 
and EF. prealtum Gray, of the south; of which specimens are 
desired in order that these desiderata at Paris may be suppiied. 

ji. G. 

14. On the Origin and Metamorphoses of Insects; by Joun 
Lussock. Nature Series. (Macmillan & Co.) —This li ittle book is 
full of interesting information relating not only to insects, but to 
various other animals. The facts are presented in a clear and at- 
tractive style and are discussed with great candor, in reference to 
their bearings on the theories of evolution. The illustrations are 
— ous and well executed. ¥. 

5. Man and Apes: an exposition of structural resemblunces 
wall differences bearing upon questions of affinity und origin ; by 
St. Grorce Mivarrt. 8vo, with numerous illustrations. New 
York. (D. Appleton and Co.)—The facts briefly and clearly ex- 

ressed in this work have important bearings upon the general sub- 
ject of evolution, as well as upon the origin of man. The general 
scope of the work is sufficiently indicated by the table of contents: 
Part I, External form, habits, geographical distribution and classi- 
fication; II, External skeleton and internal skeleton; III, Nerv- 
ous system, visceral anatomy, summary of characters and ques- 
tions of affinity and origin. v. 

16. The Comparative Anatomy of the Domesticated Animals ; 
by A. Cuaneay, translated and edited by George Fleming. 957 
pages, large 8vo, 450 illustrations. New York. (D. Appleton & 
Co.)— This is a valuable and comprehensive treatise, and is un- 
doubtedly the best manual relating to this subject, in the English 
language. v. 

17. The Structure of Animal Life. Six Lectures delivered at 
the Brooklyn Academy of Music, in Junuary and February, 1862 ; 
by Louis Acassiz. Third edition. New York, 1874. (Scribner, 
Armstrong & Co,)—This is essentially a mere reprint ot the first 
edition. The typography, otherwise good, is marred by the use of 
the same rude and often incorrect wood- cuts, app: arently copies of 
hasty black-board sketches, that appeared in the first edition. 
Many of these are no better than caricatures of nature, for which 
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we should be sorry to believe that the distinguished lecturer was 
responsible. v. 
18. Our Common Insects. A popular account of the Insects of 
our fields, forests, gardens and houses; by Dr. A. 8. Packaxp, Jr. 
12mo, with numerous illustrations. (Naturalists’ Agency, Salem, 
Mass.) —Although this is, as stated in the preface, mainly a reprint 
of various essays that have appeared in the American Naturalist, 
and elsewhere, it forms an attractive little volume, which will 
prove useful and interesting to those who are beginning the study 
of entomology, as well as to many who are interested in the sub- 
ject from an agricultural or horticultural point of view. v. 
19. Ophiuride und Astrophytide, new and old ; by THEODORE 
Lyman (Bulletin of the Museum of Comparative Zoology, vol. iii, 
No. 10). 8vo, with 7 plates. Cambridge, Mass., Feb., 1874.—This 
contains: 1st, critical observations on various species of Ophiurans, 
either contained in the museum, or studied by Mr. Lyman in the 
various European collections, together with descriptions of several 
new species; 2d, a catalogue of the Ophiurans belonging to the 
museum, collected by Prof. C. Semper in the East Indies; 3d, a 
discussion of the homologies of the chewing apparatus in Ophi- 
urans. In the first part, the species of Pectinura, and the Euro- 
pean species of Ophiothrix are well discussed, and species belonging 
to the genera Ophiopeza, Ophiarthrum, Ophiomastix, Ophivopla- 
cus, Amphiura, Ophionephthys, Ophiocnida, Ophiopsammium 
(nov.), and Astrophyton, are either discussed, or described. The 
plates have been copied from the original drawings, by two of the 
photographic processes, and have many excellent features. Two 
are by the Heliotype process, and five are Alberttypes. v. 
20. Transactions of the Connecticut Academy of Arts and 
Sciences. Vol. ii, part 2, New Haven, December, 1873.—This con- 
tains the following papers: On the direction and force of the wind, 
with the fall of rain and snow, at Wallingford, Conn., by B. F. 
Harrison, M.D., and Francis E. Loomis, Ph.D.; Design for a 
bridge across East River, New York, by Wm. P. Trowbridge; On 
the mean direction and force of the wind at New Haven, by Fran- 
cis E. Loomis; Notes on the Geology of Yesso, Japan, by W. P. 
Blake; Comparison of the muscles of the chelonian and human 
shoulder-girdles, by H.S. Williams, Ph.D.; Graphical methods 
in the thermodynamics of fluids, by Prof. J. W. Gibbs; List of 
marine alge collected near Eastport, Maine, by Prof. D. C. Eaton ; 
The early stages of the American lobster, by 8S. L. Smith ; A method 
of geometrical representation of the thermodynamic properties of 
substances by means of surfaces, by J. W. Gibbs. Vv. 
21. New genus Euchondria Meek.—Mr. Merx states, in a let- 
ter to one of the editors, that he proposes to institute the genus 
Euchondria for Pecten neglectus ot Geinitz, on account of its pe- 
culiar hinge as illustrated by figure 7c, plate xxvi, in volume v, of 
the Illinois Geological Report. 
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III. Astronomy. 


1, Astronomical and Meteorological Observations made during 
the year 1871, at the U. S. N. Observatory, Rear-Admiral Sanps, 
Superintendent. Washington: Government Printing Office, 1878. 
—This thick volume, of over a thousand quarto pages, by its size 
shows activity at the observatory, and the close print of the pages 
proves that the size is not obtained by diluting material, The ob- 
servations of the year, and the introduction, occupy about 350 
pages. 

The first appendix (170 pp.) contains the zones observed with 
the meridian circle in 1847-8-9. It is intended to re-observe 
some of the stars of these zones, to aid in forming from them a 
catalogue of southern stars. 

The second appendix (144 pp.) contains observations made with 
the mural circle and transit instrument by Prof. Yarnall, from 
1853 to 1860, 

The third appendix (294 pp.), by Prof. Yarnall, is a catalogue 
of 10,658 stars, observed at the Washington Observatory from 
1845 to 1871, and constitutes one of the most valuable publica- 
tions that have issued from the institution, 

The fourth appendix is a history of the founding and progress 
of the U. 8S. N. Observatory, by Prof. Nourse. 

2. New Comet.—Prof. Winnecke discovered a comet in the 
constellation Vulpecula, Feb. 20th. 

3. New Planet.—A telegram from Berlin to Prof. Henry an- 
nounced the discovery of a new planet by Palisa. 

The following names have been given during the past year to 
minor planets :—(119) Althwa, (121) Hermione, (125) Liberatrix, 
(126) Velleda, (127) Johanna, (128) Nemesis, (130) Electra, (131) 

Vala, (131) Athra, (133) Cyrene, (134) Sophrosyne. 

4. Engravings from Harvard College Observatory.—N o. 23 of 
this series contains figures of seven solar prominences, With this 
is a re-issue of No. 3, containing a representation of the solar 
disk with spots and colored prominences, compiled from several 
dates. Four of the earlier numbers have been thus re-issued, that 
they may correspond in size and character better with the later 
engravings, 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Agassiz Memorial.—The following circular has been recently 
issued by the Agassiz Memorial Committee. The object is one 
that commends itself to all interested in the progress of knowledge 
throughout the world, as well as to those who would do honor to 
the name of him who devoted his whole self to the progress of 
science and especially of American science.— Eps, 

In removing Louis Acassiz, death has deprived us of one who, 
for the last quarter of a century, has done more than any other 
person to stimulate in this country the study of Nature anda 
spirit of scieutific investigation. Twenty-eight years ago he left 
Switzerland, his native land, for the United States, and became 
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an American citizen. Those twenty-eight years he gave to un- 
remitted labor in behalf of that higher education, which, by the 
public at large, was little understood. His interest was confined 
to no town or State, to no individual or class) * * At the age 
of sixty-seven his brain gave way, and he died, leaving no wealth 
but his name, his example, and his works. 

It would not be grateful for the country, nor would it be for the 
country’s interest, that Agassiz should pass away without a fitting 
memorial. Such a memorial can be made out of the great Museum 
which he began and partially built, and for the completion of 
which he has left full directions. Completed, it would be a perpet- 
ual fountain of knowledge, and a monument quick with his spirit. 

“Museum,” a word that commonly suggests little more than a 
collection of curious objects, is scarcely an appropriate name for 
the memorial that Agassiz ought ‘to have. The Museum he 
labored for is a presentation of the animal kingdom,—fossil and 
living,—arranged so as to picture the creative thought. The 
study of such a subject is the highest to which the human mind 
can aspire. 

At the end of the nineteenth century, no nation, least of all the 
American, may dare to lag in science; for science is only another 
word for knowledge, and knowledge is the source of power, and of 
whatever contributes to power. * * * 

Every workman must have his tools: the tools of a zoologist 
are collections of natural objects systematically arranged. Such 
an arrangement means the exhibition of the animal creation in its 
natural order. This is one of the prime difficulties of science, 
which taxes the powers of the greatest genius. So difficult is it, 
indeed, that no two leaders of zoology have ever exactly agreed 
in their views; and it is only by comparing these views that the 
student can judge for himself. Of what incalculable value would 
collections be if such had been arranged by Linnzus in Sweden, 
by Oken in Germany, by Cuvier in France! But such museums 
do not exist. Even the great collections of Cuvier are mingled 
with those of his opponents, like a book culled from the works of 
many authors. In this country we may have such a museum if 
we choose. The celebrated System of Nature of Linnzus can be 
studied only in books, We may and should have Agassiz’s Sys- 
tem of Nature illustrated by the specimens which his own hands 
have set in order. It is for our people to say whether they will 
neglect this magnificent opportunity to secure a means of educa- 
tion which money cannot buy and the future may not give. 

The Museum of Comparative Zoology at Cambridge is an in- 
dependent establishment, governed by a faculty of its own. It 
was founded fifteen years ago by Agassiz, and has grown to its 
present large proportions under his hand. In connection with it 
is the newly-established School of Experimental Zoology on the 
Island of Penikese, endowed by Mr. Anderson of New York. The 
system of instruction has the widest character, and includes ele- 
mentary teaching, as well as the highest investigations. The ex- 
hibition-rooms are free to the public. Large sums have already 
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been expended in bringing this national museum to its present 
condition. Its collections, in several branches, are superior to 
those of the British Museum or the Garden of Plants. To make 
such an establishment useful, it must have a large building, and a 
considerable annual income for the payment of professors and 
assistants. To perfect the grand plan conceived by Agassiz will 
require at least three hundred thousand dollars, of which about 
one-third would be used in enlarging the building, and two-thirds 
would be funded. 

It is to be hoped that the people of America, for whom Agassiz 
unselfishly labored, and among whom he spent the best portion of 
his life, will not hesitate to carry on the work he began. His ex- 
ample and his teachings have benefited every section of the 
country. The Museum he planned and founded will, if suitably 
endowed, become an ever-increasing source of scientific and practi- 

‘al usefulness to the nation and the world. We cannot doubt, 
therefore, that this appeal will be answered by the public in the 
same generous spirit in which Agassiz devoted his genius to the 
furtherance of science and to the advancement of education 


among us, 

But we would not appeal to the friends of liberal culture in this 
country alone. The works and the example of Agassiz are the 
precious legacy left by him to all nations; and we ‘feel sure that 
in the great centers of scientific activ ity in the Old World, where 
his genius received its first impulses and achieved its earliest 
triumphs, there will be felt an earnest desire to aid ina work 


which, while commemorating the labors and influence of Agassiz, 
will be an enduring source of scientific discovery and inspiration. 

The Agassiz Memorial Committee include John A. Lowell, 
Nathaniel Thayer, George T. Bigelow, John M. Forbes, Abbott 
Lawrence, Theodore Lyman, Prof. B, Pierce, Charles Francis 
Adams, Prof, Joseph Henry, Prof. J. D. Dana, and others. Roger 
Wolcott, of Boston, is Sec ret: ary of the Committee. —Subscriptions 
may be sent to Sebastian B. Schlesinger, Esq., Treasurer of the 
Committée, 6 Oliver street, Boston. 

2. Cycle of Magnetic declination.—Mr. Scuort, of the Coast 
Survey, has made an examination of the secular changes i in the 
magnetic elements, based on all the observations taken ‘at Wash- 
ington since 1790. Te finds that the magnetic declination varies 
in a periodical manner, such as will cause it to return to its present 

value in about two hundred and forty years. The dip of the nee- 
dle is now slowly diminishing, and has continued to do so since 
1840, its annual change being very nearly uniform. The total 
magnetic force is very slowly increasing, although at present it is 
sensibly nearly stationary; it reached its minimum about twenty- 
two years ago, and, after having increased until the present time, 
is probably now about to diminish. The hypothesis that the ob- 
served secular changes are the effect of thermal changes in the 
earth’s crust, manifesting themselves as a disturbance in the distri- 
bution of terrestrial magnetism, seems to the author a plausible 
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one. These thermal changes must be considered to have a slow 
rate, but operating on a vast scale, explaining the similarity of 
secular change extending over thousands of miles, and going on, 
perhaps, for ‘hundreds of years. They appear to be of a mixed, 
progressive and periodic character. ‘Thus the influence which pro- 
duced the increase of the magnetic west declination on our Atlan- 
tic coast was first recognized in the northeast, extending itself in 
time toward the southwest.—X. Harper’s Weekly, March 28. 

3. Relation between the color of certain Birds and their geo- 
graphical distribution.—A communication has lately been made to 
the Academy of Sciences of Paris, by Mr. Atpu. Mitne-Epwarps, 
upon the relations existing between the color of certain birds and 
their geographical distribution, having special reference to the 
fauna of Polynesia. His inquiries have embraced not only _re- 
searches into the absolute fact of melanism in the way of black 
plumage, but also the degree to which this influence has modified 
the true colors. Referring to the fact that birds with black plum- 
age are found, in all parts of the globe, in certain families of wide 
geographical extent, he states that melanism is exhibited decidedly 
only in the southern hemisphere, and especially in the portion 
embracing New Zealand, Papouasia, Madagascar and intermediate 
regions. Thus, in the swans, all the species of the northern hem- 
isphere are white; in New Holland, however, there is a species 
that is entirely black, while in Chili and elsewhere in South Amer- 
ica we have the Coscoroba swan, entirely white, with some of the 
quills black, differing in this respect alone from the allied species 
in China. 

Again, in speaking of the black parrots, Professor Milne-ld- 
wards remarks that none of these are to be found black in America 
or Asia, or in Africa excepting along the borders of the Mozam- 
bique Channel, though they are not rare in the more southern re- 
gions included in the limits mentioned, some of them being entirely 
black, and others with a gloss of this color, such as to obscure 
the other tints.—J0. 

4. Proposed Scientific Re-survey of the Stute of Massachusetts. 
—The American Academy of Arts and Sciences at Boston have 
lately appointed a committee to memorialize the Legislature on a 
new and complete scientific survey of the Commonwealth—topo- 
graphical, geological, zoological aud botanical. The committee, 
who will soon act in the matter, are Hon. Chas, Francis Adams, 
George B, Emerson, Richard H. Dana, Jr., Wm. B. Rogers, Alex- 
ander Agassiz, Samuel Scudder and T. Sterry Hunt. Massachu- 
setts was the pioneer in such surveys, and it is time the work was 
renewed, 

5. Transactions of the American Institute of Mining Engin- 
cers. Vol. I, May. 1871, to Feb., 1873. 475 pp. 8vo. Philadel- 
phia, 1874. "Published by the Institute. —The American Institute 
of Mining Engineers came into existence in 1871, and has held 
sessions at Wilkesbar re, Bethlehem, Troy, Philadelphia, New 
York, Pittsburg, Boston, and New York again. This volume 


450 Miscellaneous Intelligence. 


embraces its constitution, lists of members, associates and officers, 
and most of the important papers which have been presented at 
its sessions, and bears testimony to the activity of the Institute 
and the value of many of the papers read before it. 

6. Dictionary of Elevations and Climatic Register of the 
United States ; by J. M. Tourer, M.D., Washington, D.C. 93 pp. 
8vo. New York. (D. Van Nostrand.)—Dr. Touer’s Dictionary 
is a valuable contribution to sanitary science. It is prefaced by a 
brief introduction on the orographic and other physical peculiari- 
ties of North America, and the relation of elevation, rain fall, and 
other climatic peculiarities to health and disease. 

7. The Birth of Chemistry (Nature Series); by G. F. Rop- 
wELt, I’.R.A.S., F.C.S., &c. 135 pp. 12mo. London, 1874. (McMillan 
& Co.)—Mr. Rodwell has made an extremely interesting little 
volume on a very old theme, which he has treated with equal good 
taste and learned research. It is a multum in parvo and a desir- 
able addition to the chemist’s library. 

8. Dunglison’s Medical Dictionary, de. 1131 pp. 8vo. Phila- 
delphia, 1874. (H. C. Lea.)—Dr. Rostey Dunetison’s Medical 
Lexicon has for forty years been the standard authority for Amer- 
ican medical readers and students. ‘This new edition, by Dr. 
Rich. J. Dunglison, son of the late author, includes, besides a com- 
plete revision of the whole work, an addition of more than six 
thousand subjects and terms not embraced in the last edition from 
the author’s hand in 1865. The work is very greatly improved. 


OBITUARY. 


Prof. L, A. J. Quéreter died at Brussels on the 16th of Feb- 
ruary, at the age of 72. At the age of eighteen he was made 
Professor of Mathematics at the royal College at Ghent. In 1819, 
at the age of twenty-three, he received the same appointment at 
the Atheneum at Brussels, From 1828 to his death he was in 
charge of the Royal Observatory, which was built under his 
direction. For forty years he has been Perpetual Secretary of the 
Royal Belgian Academy. 

He has edited the Correspondence Math. et Phys., 8vo, 11 vols., 
1825-39; the Annuaires, the Bulletins, and the Mémoires, of the 
Academy ; the Annales of the Observatory, etc., in all, over two 
hundred voiumes. In addition, he has written a large number of 
volumes, some of them of a popular character, on Probabilities, 
Physics, Astronomy, Meteorology, Statistics, Man, and has con- 
tributed to the above and other periodicals not less than three 
hundred articles or memoirs. 

Prof. Quételet was the first to announce the annual recurrence 
of the August meteors, though the discovery was independently 
made by Mr. Herrick. 


The death of the distinguished astronomer MApLER is announced 
by telegraph. 


‘ 
i! 
| 
| 
| 


AM. JOUR. SCI. Ill, Vol. VII, 1874. Plate IV. 


1. 4. 


\ ( | 
( 

ir “A 

| 
/ — 
} 
| 
, 6. | 


| 
j 
| 
| 
i} 
| 
| 
i 
i] 
| 
| 
ul 
i 
| 
it 
Hi 
al 


AM. JOUR. SCI. III, Vol. VII, 1874. Plate V. 


| 
| 


| 2. 
d é 
é 
- 
3. 4. 
} 
) 
j 
‘ 
t 
} 


